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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

* [Claim 1] The laminating thin film with which it has a buffer layer and the 
perovskite mold oxide thin film which grew on this, the interface with said 
perovskite mold oxide thin film of said buffer layer consists of {1 1 1} facet sides, 
and the {101} sides of the {1 10} sides of the cubic of said perovskite mold oxide 
thin film, ********, or a prismatic crystal, or a prismatic crystal or 

the {01 1} sides of a prismatic crystal exist almost in parallel with said facet side. 
[Claim 2] The laminating thin film of claim 1 which is the orientation film with which 
said perovskite mold oxide thin film consists of one sort of orientation (100), 
orientation (001), and (010) orientation, or two sorts. 

[Claim 3] The laminating thin film of claim 1 said whose perovskite mold oxide thin 
film is single (111) orientation film. 

[Claim 4] One laminating thin film of claims 1-3 with which said perovskite mold 
oxide thin film uses lead titanate, lead zirconate, or these solid solutions as a 
principal component. 

[Claim 5] One laminating thin film of claims 1-4 with which said buffer layer 
contains rare-earth-elements oxide, a zirconium dioxide, or the zirconium dioxide 
that permuted a part of Zr by rare earth elements or the alkaline earth element. 
[Claim 6] The laminating thin film of claim 5 whose atomic ratio R/(Zr+R) is 0.2- 
0.75 in said buffer layer when rare earth elements and an alkaline earth element 
are expressed with R. 

[Claim 7] The laminating thin film of claim 5 with atomic ratio R/(Zr+R) smaller 
than atomic ratio R/(Zr+R) in said buffer layer when it has a substrate layer in the 
opposite side of said perovskite mold oxide thin film on both sides of said buffer 
layer, this substrate layer contains a zirconium dioxide or the zirconium dioxide 
which permuted a part of Zr by rare earth elements or the alkaline earth element 
and rare earth elements and an alkaline earth element are expressed with R in this 
substrate layer. 

[Claim 8] One laminating thin film of claims 1-7 which exist on the substrate with 
which a front face consists of Si (100) single crystals. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating thin film which has 

a perovskite mold oxide thin film. 

[0002] 

[Description of the Prior Art] The electron device which formed various functional 
film, such as superconduction film, a dielectric film, ferroelectric film, and a 
piezoelectric film, on Si substrate which is a semiconducting crystal substrate, and 
was integrated is devised. For example, in the combination of a semi-conductor 
and a superconductor, SQUID, a Josephson device, a superconducting transistor, 
an electromagnetic wave sensor, the superconduction wiring LSI, etc. are 
mentioned, the dielectric separation LSI by still higher LSI of a degree of 
integration and the SOI technique is mentioned in the combination of a semi- 
conductor and a dielectric, and a nonvolatile memory, an infrared sensor, an optical 
modulator, an optical switch, OEIC (opto-electronic integrated circuit: OPTO- 
ELECTRONIC INTEGRATED CIRCUITS), etc. are mentioned in the combination of 
a semi-conductor and a ferroelectric. Moreover, as a component using a 
piezoelectric film, a surface acoustic element, a filter, VCO, a resonator, etc. are 
mentioned. 

[0003] In these electron devices, in order to secure the optimal device property 
and its repeatability, it is desired for the crystallinity of the functional film to be 
good. It is difficult to acquire a good device property in the polycrystalline 
substance to which orientation is not equal for the disturbance of the physical 
quantity by the grain boundary. 

[0004] A perovskite mold oxide thin film is mentioned as typical functional film 
used for the ferroelectric film etc. When forming a perovskite mold oxide thin film 
on Si substrate, for example, as shown in JP,9-1 10592,A and JP,10-223476,A by 
these people, preparing a fully-stabilized-zirconia thin film and a rare earth oxide 
thin film as a buffer layer between a perovskite mold oxide thin film and a 
substrate is known. For example, in above-mentioned JP,1 0-223476 A in order to 
form a perovskite mold oxide thin film with tetragonal (001) orientation, the stress 
by the grid misfit of a buffer layer and a perovskite mold oxide thin film is used. In 
addition, it means that the field exists that the film is orientation (001) in this 
specification almost in parallel (001) with a film surface. 
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[0005] Generally the perovskite mold oxide thin film with a ferroelectricity has a 
polarization shaft in the [001] directions in the [111] directions by ****** a t 

Therefore, in order to demonstrate the function which was excellent as 
a ferroelectric thin film, for example, it is desirable orientation (001) or (1 11) to 
carry out orientation. However, on the above-mentioned buffer layer, it is difficult 
for a perovskite mold oxide thin film to consider as the film in which the tetragonal 
(001) side perpendicular to a polarization shaft and the rhombohedral (111) side 
carried out orientation in order to show tetragonal (110) orientation or the 
inclination which is easy to carry out tetragonal (101) orientation. In order that 
BaTi03 may tend to form BaZr03 (110) on a zirconia (001), specifically, it is easy 
to carry out orientation (110) of it. Moreover, on (101) a zirconia (001), it is easy to 
carry out orientation also of PbTi03 (110). Furthermore, it is reported to 
Jpn.J.Appi.Phys.37 (Pt.1 t No9B) 5145-5149 (1998) that PbZrxTi1-x03 (PZT) 
carries out orientation (101) on 20Y3 (111) and Ce02 (111). 
[0006] In order to obtain the perovskite mold oxide thin film which carried out 
orientation to polarization shaft orientation, such as tetragonal (001) orientation 
and rhombohedral (111) orientation, in case the thin film is grown up, it becomes 
important to make orientation carry out in the direction equivalent to bearing of 
these. For example, when forming the PbTi03 (001) orientation film, PbTi03 film is 
****** j n ordinary temperature, but generally, during growth, since it becomes the 
cubic which is a parent phase, it is necessary to carry out orientation during 
growth (100). If PbTi03 film can be grown up as cubic (100) orientation film, after 
growth, while cooling, it will transfer to ******, and will become the single (001) 
orientation film or (100) the 90-degree domain structure film with which orientation 
and orientation (001) are intermingled. It is decided by the coefficient-of-thermal- 
expansion difference with a substrate, or the lattice constant difference with a 
buffer layer whether to become 90 turning-into [ PbTi03 film ]~single (001) 
orientation film domain structures film. 

[0007] On the other hand, when using a perovskite mold oxide thin film as a 
substrate layer of the functional film (for example, when forming Pt (100) 
orientation film by using BaTiQ3 film as a substrate layer), a substrate layer 
becomes important [ carrying out orientation (100) ]. Moreover, in forming the 
conductive perovskite mold oxide ingredient of SrRu03 grade as an electrode layer 
and forming the functional film of the ferroelectricity of PbTi03 grade on it, in 
order to obtain the functional film of orientation (001), SrRu03 becomes important 
[ that they are orientation (100) or (001) orientation ]. It becomes important during 
growth orientation (100) or (001) to carry out orientation about the perovskite 
mold oxide thin film formed as a substrate layer or an electrode layer in these 
cases. 

[0008] Therefore, it faces forming a perovskite mold oxide thin film through a 
buffer layer on Si substrate, and a means by which orientation (100), orientation 
(001), or (1 1 1) carrying out orientation can make easy the perovskite mold oxide 
thin film under growth according to the crystal system is desired. 
[0009] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering 
a means the perovskite mold oxide thin film which has orientation (100), orientation 
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(001), or (111) orientation being obtained easily. 
[0010] 

[Means for Solving the Problem] Such a purpose is attained by this invention of 
following the (1)-(8). 

(1) The laminating thin film with which it has a buffer layer and the perovskite mold 
oxide thin film which grew on this, the interface with said perovskite mold oxide 
thin film of said buffer layer consists of {1 1 1} facet sides, and the {101} sides of the 
{110} sides of the cubic of said perovskite mold oxide thin film, ********, ******, 
or a prismatic crystal, ******, or a prismatic crystal or the {01 1} sides of a 
prismatic crystal exist almost in parallel with said facet side. 

(2) The laminating thin film of the above (1) which is the orientation film with which 
said perovskite mold oxide thin film consists of one sort of orientation (100), 
orientation (001), and (010) orientation, or two sorts. 

(3) The laminating thin film of the above (1) said whose perovskite mold oxide thin 
film is single (111) orientation film. 

(4) One laminating thin film of above-mentioned (1) - (3) with which said perovskite 
mold oxide thin film uses lead titanate, lead zirconate, or these solid solutions as a 
principal component. 

(5) One laminating thin film of above-mentioned (1) - (4) with which said buffer 
layer contains rare-earth-elements oxide, a zirconium dioxide, or the zirconium 
dioxide that permuted a part of Zr by rare earth elements or the alkaline earth 
element. 

(6) The laminating thin film of the above (5) whose atomic ratio R/(Zr+R) is 0.2- 
0.75 in said buffer layer when rare earth elements and an alkaline earth element 
are expressed with R. 

(7) The laminating thin film of the above (5) with atomic ratio R/(Zr+R) smaller 
than atomic ratio R/(Zr+R) in said buffer layer when it has a substrate layer in the 
opposite side of said perovskite mold oxide thin film on both sides of said buffer 
layer, this substrate layer contains a zirconium dioxide or the zirconium dioxide 
which permuted a part of Zr by rare earth elements or the alkaline earth element 
and rare earth elements and an alkaline earth element are expressed with R in this 
substrate layer. 

(8) One laminating thin film of above-mentioned (1) - (7) which exists on the 
substrate with which a front face consists of Si (100) single crystals. 
[0011] 

[Embodiment of the Invention] The laminating thin film of this invention is formed 
on the substrate which consists of an Si single crystal etc., has a buffer layer in a 
substrate side, and has a perovskite mold oxide thin film in contact with this buffer 
layer. 

[0012] A buffer layer buffer layer is prepared between a perovskite mold oxide thin 
film and a substrate. 

[0013] It is the description that this buffer layer has a {1 1 1} facet side as an 
interface with a perovskite mold oxide thin film. The buffer layer front face formed 
in the front face of Si (100) single crystal substrate at drawing 1 (a) is shown 
typically. In addition, although the buffer layer to illustrate consists of Y203, 
illustration of an oxygen atom is omitted. Since a buffer layer is the epitaxial film of 
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cubic (100) orientation, tetragonal (001) orientation, or monoclinic system (001) 
orientation in this invention, the facet side to illustrate is a {1 1 1} facet side. 
[0014] In the laminating thin film of this invention, the {101} sides of the {1 10} sides 
of the cubic of a perovskite mold oxide thin film, ********, ******, or a prismatic 
crystal, ******, or a prismatic crystal or the {01 1} sides of a prismatic crystal exist 
almost in parallel with the {111} facet side of a buffer layer It is a cubic like 
PbTi03 in a perovskite mold oxide thin film in many cases at the time of film 
growth. In that case, it may be changing to ********, ******, a prismatic crystal, 
etc. after cooling. Moreover, when the misfit of a lattice constant etc. exists 
between buffer layers or this is intentionally prepared in it, it grows up as ******, 
and after cooling remains as it is, or it may change with cooling to other crystal 
system, such as ********. 

[0015] First, a perovskite mold oxide thin film explains the case where it grows up 
as a cubic on a {1 11} facet side. The crystal structure of a perovskite mold oxide 
expressed with a general formula AB03 to drawing 1 (b) is shown typically. In 
addition, illustration of an oxygen atom is omitted in drawing 1 (b). AB03 is made 
into the cubic in drawing 1 (b). In addition, in the following explanation, in order to 
make it intelligible, it was assumed that it was that perovskite mold oxide grows up 
to be so that all might make a field (111) the 4th page which constitutes a facet 
side and a ** (1 1 1) side and cubic AB03 (1 10) field of a perovskite mold oxide thin 
film might become parallel. 

[0016] When the shorter side length dS of AB03 (110) field shown in drawing 1 (b) 
has consistency with the lattice spacing d of the facet side shown in drawing 1 (a), 
AB03 crystal grows so that a facet (111) side and cubic AB03 (110) field may 
become parallel. With growth of AB03 thin film, the crevice constituted by the 
facet side is filled, and finally, as shown in drawing 1 (c), the front face of AB03 
thin film becomes almost flat, and it becomes almost parallel, [ this front face ] to a 
substrate front face. In such a thin film growth process, the cubic (100) side of 
AB03 thin film will be estimated, if about 9.7 degrees inclines to 20Y3 (100) field 
of a buffer layer in early stages of growth. This is the same in each AB03 crystal 
which grew on the 4th page which constitutes a facet side. However, AB03 thin 
film follows this inclination on growing up on a facet side, it decreases according to 
distortion of a crystal lattice, or generating of a lattice defect, and the field (100) 
of AB03 thin film becomes almost parallel to parallel, i.e., a substrate front face, in 
the condition by which it is shown in drawing 1 (c) in Y203 (100) field. 
[001 7] When it consists of matter from which AB03 thin film changes to ****** in 
the cooling process after growth like for example, PbTi03 grade, all or some of 
cubic (100) side which became parallel to a substrate front face changes to a 
tetragonal (001) side, and it serves as film which has a tetragonal (001) orientation 
crystal. On the other hand, depending on the presentation of AB03 thin film, it 
changes with cubic (100) orientation, and after cooling may change with cooling to 
the orientation (100) of ********, ****** f or a prismatic crystal, the orientation 
(001) of a prismatic crystal, or (010) orientation. Moreover, AB03 thin film may 
turn into film which has domain structure by the misfit of thickness, the difference 
of coefficient of thermal expansion with a substrate, and the lattice constant 
between buffer layers etc. For example, when Y203 buffer layer is formed on Si 
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(100) substrate and PbTi03 thin film with a thickness of 100nm is formed on the 
{111} facet side, the domain structure which consists of an orientation (100) crystal 
and (001) an orientation crystal is formed. 

[0018] Thus t when a perovskite mold oxide grows so that the {111} facet side of a 
buffer layer, and the cubic {110} side of a perovskite mold oxide thin film, i.e., (110), 
a field, and a field equivalent to this may become parallel, the perovskite mold 
oxide thin film after cooling has the following structures. 

[0019] First, when after cooling is as [ cubic ] or the perovskite mold oxide thin 
film serves as ******** a ft e r cooling, the {110} sides of the cubic or ******** and 
the {111} facet side of a buffer layer are in the almost parallel condition, and the 
perovskite mold oxide thin film has become orientation (100). 
[0020] On the other hand, when it is ****** after a perovskite mold oxide thin 
film's cooling, the tetragonal {110} side, i.e., (110), a field, a field equivalent to this, 
tetragonal {101} side, i.e., (101), a field, or a field equivalent to this is almost parallel 
to a {1 1 1} facet side. At this time, a perovskite mold oxide thin film can consider 
becoming orientation (100) or (001) orientation. However, it is common for a 
perovskite mold oxide thin film to be in a condition with the {101} side almost 
parallel to a {1 1 1} facet side, and (001) to have become orientation from the point 
of lattice matching. 

[0021] Moreover, when it is a prismatic crystal after a perovskite mold oxide thin 
film's cooling, the prismatic crystal {110} side, i.e., (110), a field, a field equivalent to 
this, a prismatic crystal {101} side, i.e., (101), a field, a field equivalent to this, a 
prismatic crystal {01 1} side, i.e., (01 1), a field, or a field equivalent to this is almost 
parallel to a {1 1 1} facet side. At this time, a perovskite mold oxide thin film can 
consider becoming orientation (100), orientation (001), or (010) orientation. 
[0022] Next, the case where a perovskite mold oxide thin film grows as ****** is 
explained using a drawing. In this explanation, all make a field (111) the 4th page 
which constitutes a facet side, and it explains as that perovskite mold oxide grows 
up to be so that this field and the field (101) of tetragonal perovskite mold oxide 
may become parallel. The b-axis length dS of a tetragonal perovskite mold oxide (f 
a-axis length), i.e., the shorter side length of the tetragonal (101) side shown in 
drawing 2 When it has consistency with the lattice spacing d of a facet side, the 
tetragonal {101} side of a perovskite mold oxide, i.e., (101), a field, and a field 
equivalent to this become parallel to a facet (111) side. As a result The front face 
becomes almost parallel to 20Y3 (100) field, and a perovskite mold oxide thin film 
turns into tetragonal (001) orientation film. 

[0023] In addition, when a perovskite mold oxide thin film grows as ******, the 

tetragonal {110} side may become almost parallel to a {1 1 1} facet side. 

[0024] As it mentioned above, the grown-up perovskite mold oxide thin film turns 

into orientation film which consists of one sort of orientation (100), orientation 

(001), and (010) orientation, or two sorts. That is, it becomes the domain structure 

film which turns into each single orientation film, or consists of two sorts of such 

orientation. 

[0025] Next, the case where a perovskite mold oxide thin film turns into orientation 
(111) film is explained. 

[0026] When the twice (2d) of the lattice spacing d of the {111} facet side in 
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drawing 1 (a) have consistency with the long side length dL of cubic AB03 (110) 
field shown in drawing 3 , AB03 {110} side becomes almost parallel to a {1 1 1} facet 
side at the time of growth. In that the fields which become almost parallel to a 
facet side are {110} sides, although it is the same as that of drawing 1 (b), in the 
case of drawing 3 , it grows up in the condition that the grid shown in drawing 1 (b) 
fell down sideways. And as for AB03 thin film after growth, the (111) field becomes 
almost parallel to a substrate front face. Thus, the case where only the peak which 
sets AB03 formed thin film to an X diffraction (nnn) is accepted is usual. 
Therefore, although it is thought that it is single (111) orientation, you may have 
domain structure. In addition, if it grows up as shown in drawing 3 and changes to 
******** after growth when using the ferroelectricity of a perovskite mold oxide 
thin film, since it becomes rhombohedral (111) orientation and orientation will be 
carried out to polarization shaft orientation, it is desirable. Moreover, since the 
component of the tetragonal [001] direction which is a polarization shaft can be 
used even when changing to a tetragonal phase (111) after growth, the function as 
ferroelectric film can be used. 

[0027] It is mainly dependent on the misfit of the lattice constant between a 
perovskite mold oxide and a buffer layer any the perovskite mold oxide thin film 
under growth shall serve as between orientation (100), orientation (001), 
orientation (010), and orientation (111). For example, although it is easy to become 
a thin film with orientation (001) and easy to become a thin film with orientation 
(1 1 1) by PZT at PbTi03, it is possible by choosing a permutation element to obtain 
desired crystal orientation. 

[0028] Although especially the dimension of a facet side is not limited, if the 
dimension when projecting on the flat surface which intersects perpendicularly in 
the height of a facet side, i.e., the field of a buffer layer, is too small, since the 
effectiveness by having established the facet side in the buffer layer front face will 
become small, as for a projection dimension, it is desirable that it is 5nm or more. If 
a perovskite mold oxide thin film is not thickened in connection with it, a thin film 
front face stops on the other hand, becoming flat when this projection dimension is 
large. However, since it will become easy to generate a crack if a perovskite mold 
oxide thin film is thickened, as for the above-mentioned projection dimension, it is 
desirable that it is 30nm or less. In addition, it asks for the above-mentioned 
projection dimension from the transmission electron microscope photograph of a 
buffer layer cross section. 

[0029] The ratio of the facet side in the above-mentioned interface is 90% or more 
more preferably 80% or more. If the ratio of a facet side is too low, it will become 
difficult to grow up a perovskite mold oxide thin film as a good epitaxial film. In 
addition, the ratio of the facet side in this specification is the surface ratio for 
which is the following, and it made and asked from the transmission electron 
microscope photograph of a buffer layer cross section. When the die length (the 
die length of field inboard) of the measuring object field on the front face of a 
buffer layer is set to B and the sum total die length of a front face (except a facet 
side) parallel to the inside of a field is set to H, the above-mentioned ratio is 
expressed with [1~(H/B) 2]. Die-length B of the above-mentioned measuring 
object field may be 1 micrometers or more. 
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[0030] In order to form a {1 1 1} facet side in a front face, as for a buffer layer it is 
desirable to use as a principal component the zirconium dioxide which used rare- 
earth-elements oxide as the principal component, used the zirconium dioxide as 
the principal component, or permuted a part of Zr by rare earth elements or the 
alkaline earth element. In addition, the rare earth elements in this specification 
shall contain Sc and Y. As for such a buffer layer, it is possible at the time of cubic 
(100) orientation, tetragonal (001) orientation, or monoclinic system (001) 
orientation to make a facet side appear on a front face. 

[0031] If rare earth elements and an alkaline earth element are expressed with R, 
the presentation of a buffer layer can be expressed with Zr1-xRx02-delta. 
Although a cubic -> tetragonal -> monoclinic system and phase transition are 
produced applying [ which is x= 0 ] it to a room temperature from an elevated 
temperature (Zr02), a cubic stabilizes it by addition of rare earth elements or an 
alkaline earth element. Generally the oxide which added rare earth elements or an 
alkaline earth element is called fully stabilized zirconia to Zr02. It is desirable to 
use rare earth elements as an element for Zr02 stabilization in this invention. 
[0032] In this invention, if a facet side can be formed, especially x in Zr1-xRx02- 
delta will not be limited, however, to Jpn.J.Appl.Phys.27(8) L1404-L1405 (1988) 
Becoming ****** or a monoclinic system crystal in rare-earth-elements fully 
stabilized zirconia in the presentation region whose x is less than 0.2 is reported. 
Moreover, in the presentation region used as ****** or a monoclinic system, 
orientation sides other than what it is going to obtain mix in J.Appl.Phys.58(6) 
2407-2409 (1985), and it is reported to it that the epitaxial film of single orientation 
is not obtained. However, as a result of this invention persons' repeating 
examination, by using the vacuum deposition mentioned later showed that x 
became possible [ epitaxial growth ] for at least less than 0.2 presentation, and 
good crystallinity was acquired. Since insulation resistance becomes high and 
leakage current becomes small, Zr02 film of a high grade is desirable when it needs 
an insulating property. However, in order to make formation of a facet side easy, it 
is desirable to make x or more into 0.2. 

[0033] On the other hand, although x is a cubic in the presentation region 
exceeding 0.75 when forming a buffer layer in contact with Si single crystal 
substrate, single (100) orientation is hard to be obtained, and the crystal of 
orientation (111) will mix or it will become single (111) orientation. Therefore, in 
case a buffer layer is directly formed on Si single crystal substrate, in Zr1-xRx02- 
delta, it is [ x<=0.75 or less ] desirable to carry out to 0.50 especially or less. 
[0034] However, by forming a buffer layer through a suitable substrate layer on Si 
single crystal substrate, even when x is large, a buffer layer can be made into cubic 
(100) single orientation. As such a substrate layer, the thin film of the cubic (100) 
orientation which consists of a zirconium dioxide or fully stabilized zirconia, 
tetragonal (001) orientation, or monoclinic system (001) orientation is desirable. In 
addition, in a substrate layer, x will be set as a small value rather than a buffer 
layer. 

[0035] What is necessary is just to choose suitably the rare earth elements which 
a fully-stabilized-zirconia thin film contains according to the lattice constant of 
the thin film which touches a fully-stabilized-zirconia thin film, or a substrate, so 
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that the lattice constant of these and a fully-stabilized-zirconia thin film may 
match. Although the lattice constant of fully stabilized zirconia is changeable if x is 
changed with the class of rare earth elements fixed, in modification of only x, the 
field which can be matching adjusted is narrow. However, since a lattice constant 
can be changed comparatively greatly if rare earth elements are changed, 
optimization of matching becomes easy. For example, a lattice constant can be 
enlarged, if it changes to Y and Pr is used. 

[0036] In addition, although the zirconium dioxide which does not include an oxygen 
defect is expressed with a chemical formula Zr02, with the class, amount, and 
valence of the stabilization element which added fully stabilized zirconia, the 
amount of oxygen changes, and delta in Zr1-xRx02-delta becomes the range of 0- 
1.0, and it is usually set to 0-0.5. 

[0037] A buffer layer may be the inclination presentation structure with a 
continuous presentation of being, carrying out and changing gradually. When 
considering as inclination presentation structure, it is desirable that x in Zr1- 
xRx02-delta considers as the configuration which increases toward a front-face 
side (metal thin film side) from the rear-face side of a buffer layer. If a substrate 
layer considers it a part of buffer layer when preparing the above-mentioned 
substrate layer, this buffer layer can be called that from which a presentation 
changes gradually. 

[0038] Although the rare earth elements used for a buffer layer should just choose 
at least one sort of Sc, Y, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, 
since what is easy to serve as hexagonal rare earth a mold structure exists in a 
rare-earth-elements oxide, it is desirable to choose the element which is stabilized 
and serves as a cubic oxide, concrete — at least one sort of Sc, Y, Ce, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, and Lu — desirable — among these — since — what is 
necessary is just to choose suitably according to the lattice constant when 
considering as an oxide, or other conditions 

[0039] An additive may be introduced into a buffer layer for a property 
improvement. For example, aluminum and Si are effective in raising membranous 
resistivity. Furthermore, transition-metals elements, such as Mn, Fe, Co, and 
nickel, can form [ be / it / under / film / setting ] the level (trap level) by the 
impurity, and conductive control is attained by using this level. 

[0040] In addition, now in Zr02 thin film used as a substrate layer or a buffer layer, 
the upper limit of the ratio of Zr is about 99.99mol%. Moreover, with the current 
high grade-ized technique, since separation with Zr02 and Hf02 is difficult, the 
purity of Zr02 has usually pointed out the purity in Zr+Hf. Therefore, although the 
purity of Zr02 in this specification is the value computed by having considered 
that Hf and Zr were these elements, since Hf02 functions completely like Zr02 in 
Zr02 thin film in this invention, it is satisfactory. Moreover, this is the same also in 
the above-mentioned fully stabilized zirconia. 

[0041] Although what is necessary is just to set up suitably so that especially 
buffer layer thickness may not be limited but the facet side of a suitable dimension 
may be formed, 5-1000nm is 25-1 OOnm more preferably. When it is difficult to form 
a uniform facet side if a buffer layer is too thin and it is too thick, a crack may 
occur in a buffer layer. In addition, a substrate layer serves as a homogeneous 
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epitaxial film, the thickness of a substrate layer has a flat front face, and although 
what is necessary is just to determine suitably that a crack will not occur, it is 
usually desirable to be referred to as 2-50nm. 

[0042] Although what is necessary is not to limit especially the ingredient used for 
a perovskite mold oxide thin film perovskite mold oxide thin film, but just to choose 
a ferroelectricity, piezoelectric, etc. suitably according to the function demanded, 
the following ingredients are suitable, for example. 

[0043] BaTi03 ;P Pb system perovskite compound;Bi system perovskite 
compounds, such as bTi03, rare-earth-elements content lead titanate, PZT 
(zircon lead titanate), and PLZT (zircon titanic-acid lanthanum lead) etc. The 
above simplicity, compound, various layer-like perovskite compounds. 
[0044] Generally BaTi03, the lead system perovskite compound of PbTi03 grade, 
etc. are expressed with a chemical formula AB03 among the above-mentioned 
perovskite die materials. Here, A and B express a cation respectively. As for A, it 
is desirable that they are one or more sorts chosen from calcium, Ba, Sr T Pb, K, Na, 
Li, La, and Cd, and, as for B, it is desirable that they are one or more sorts chosen 
from Ti, Zr, Ta, and Nb. What is necessary is to choose suitably what shows 
functionality, such as a ferroelectricity, in service temperature according to the 
purpose, and just to use it from these inside, in this invention. 

[0045] Ratio A/B in such a perovskite mold compound is 0.8-1.3 preferably, and is 
0.9-1.2 more preferably. 

[0046] Since it becomes possible to be able to secure the insulation of a dielectric 
and to improve crystallinity by making A/B into such range, a dielectric property or 
strong dielectric characteristics is improvable. On the other hand, less than by 0,8, 
if it becomes impossible to desire an improvement effect of crystallinity [ A/B ] 
and A/B exceeds 1.3, formation of a homogeneous thin film will become difficult. 
Such A/B is realized by controlling membrane formation conditions. 
[0047] In addition, although the ratio x of O in ABOx is altogether expressed as 
this specification as 3 like PbTi03, x is not limited to 3. Since there are some 
which construct the perovskite structure stabilized in an oxygen defect or 
hyperoxia depending on the perovskite ingredient, in ABOx, the value of x is usually 
2.7 to about 3.3. In addition, A/B can be calculated from X-ray fluorescence 
analysis. 

[0048] As a perovskite compound of the AB03 mold used by this invention A 
A1+B5+03, A2+B4+03, and A3+B3+ — 03, AXB03, A (BU67B"0.33)O3, A 
(B'0.33B"0.67)O3, A (B0.5+3B0.5+5)O3, and A (B0.52+B0.56+)O3 — (B0.51+B0.57+) 
You may be any of 03, A3+(B0.52+B0.54+) 03, A (B0.251+B0.755+)O3, A 
(B0.53+B0.54+)O2.75, and A(B0.52+B0.55+) 02.75 grade. 

[0049] Specifically, they are Pb system perovskite compounds, such as PZT and 
PLZT, CaTi03, BaTi03, PbTi03, KTa03, BiFe03, NaTa03, SrTi03, CdTi03, 
KNb03, LiNb03 and LiTa03, these solid solutions, etc. 

[0050] In addition, Above PZT is the solid solution of PbZr03-PbTi03 system. 
PbTi03 :P bZr03 (mole ratio) is suitably determined according to demand 
characteristics. Generally, it sets to a PbTi03 rich side at a tetragonal next door 
or a PbZrOwhich becomes empty 3 rich side, and PZT is a rhombohedral next door 
and a cone. Moreover, Above PLZT is the compound with which La was doped by 
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PZT, and if the notation of AB03 is followed, it is shown by 03, for example 
(PbO.89-0.91La 0.11-0.09) (Zr0.65Ti0.35). 

[0051] Moreover, generally Bi system stratified compound is a formula among 
stratified perovskite compounds. It is expressed with Bi2Am-1 Bm03m+3. In the 
above-mentioned formula, m is the integer of 1~5 T A is either Bi, calcium, Sr, Ba, 
Pb and rare earth elements (Sc and Y are included), and B is either Ti, Ta and Nb. 
Specifically, Bi4Ti 3012, SrBi2Ta 209, SrBi2Nb 209, etc. are mentioned. In this 
invention, any of these compounds may be used and these solid solutions may be 
used. 

[0052] In addition, the lattice constant of the compound perovskite mold compound 
(a stratified perovskite compound is included) itself is the integral multiple (usually 
a maximum of 5 about times) of the unit lattice. In this specification, although the 
lattice constant of perovskite mold oxide has comparatively big semantics, with a 
compound perovskite mold compound, the lattice constant of the unit lattice is 
important. Moreover, not a lattice constant [ in / with the compound which serves 
as a false perovskite structure when it thin-film-izes, for example like SrRu03 / 
the crystal structure at the time of a bulk condition ] but the lattice constant at 
the time of false perovskite is important. 

[0053] The perovskite mold compound with desirable using for this invention A 
titanate thru/or a titanate content perovskite mold compound, BaTi03 and SrTi03, 
PLZT, [ for example, ] They are PZT, CaTi03, PbTi03, rare-earth-elements 
content lead titanate, etc. More desirable things are BaTi03, SrTi03, PZT, PbTi03, 
and rare-earth-elements content lead titanate. Especially a desirable thing It is the 
rare-earth-elements content lead titanate containing PbTi03 T R (at least one sort 
of rare earth elements as which R was chosen from Pr, Nd, Eu, Tb, Dy, Ho, Yb, Y r 
Sm, Gd, Er, and La), Pb, Ti, and O. Especially PbTi03 is suitable for memory in 
respect of spontaneous polarization, a dielectric constant, and a curie point. 
[0054] It is desirable that the rate of an atomic ratio uses the range of 
(Pb+R)/Ti=0.8-1.3 and Pb/(Pb+R) =0.5-0.99 and the thing of the presentation 
which is in the range of /(Pb+R) Ti=0.9-1.2 and Pb/(Pb+R) =0.7-0.97 preferably as 
rare-earth-elements content lead titanate in this invention. The rare-earth- 
elements content lead titanate of this presentation is indicated by Japanese 
Patent Application No. No. 186625 [ eight to ]. By adding rare earth elements to 
PbTi03 by the above-mentioned ratio, Ec can be reduced and, moreover, it 
becomes possible to suppress reduction of the remanence value Pr accompanying 
it. Moreover, in the above-mentioned presentation, since the rare earth elements 
which are hard to produce semi-conductor-ization are added, fewer perovskite 
mold oxide thin films of leak are realized. Moreover, this invention persons traced 
having influenced the fatigue property of polarization reversal of the class and 
amount of rare earth elements to add. In the above-mentioned presentation, since 
the class and amount of rare earth elements are made the optimal, the perovskite 
mold oxide thin film excellent in the repeat property is realized. 
[0055] R permutes by Pb located in A site of the basic perovskite which consists 
of PbTi03 material, and is made to transform a crystal. PbTi03 is the perovskite 
structure of tetragonal system (a-axis:0.3897nm and c-axis:0.41 47nm), and has a 
polarization shaft in the direction of a c-axis. Although this crystal deformation 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_.cgi_ejje 



2006/04/10 



JP,2000-256098,A [DETAILED DESCRIPTION] 



11/18 s<—i> 



decreases spontaneous polarization slightly since it decreases the ratio of an a- 
axis and a c-axis, it can reduce the electrical potential difference (Ec) needed for 
polarization reversal. On the other hand, since it permutes by the element located 
in B site of PbTi03 by rare earth elements other than R, for example, Ce, and a 
crystal cannot be transformed effectively but spontaneous polarization falls 
extremely, it is not desirable to device application. 

[0056] Although lead titanate is generally Pb:Ti:0=1:1:3, the ratio of oxygen 
changes with the classes and amounts of R which are added in this invention, and 
it is usually 2.7 to about 3.3. 

[0057] In addition, at rare-earth-elements content lead titanate, below 60 atom % 
of Ti may be permuted by at least one sort of Zr, Nb, Ta, Hf, and Ce. 
[0058] Although the perovskite mold oxide which has a ferroelectricity was 
explained to the subject above, conductive perovskite mold oxide can also be used 
in this invention. A conductive perovskite oxide thin film can be used as an 
electrode layer into an electron device. 

[0059] A conductive perovskite mold oxide is illustrated below. 
[0060] Re03, W03, MxRe03 (here, it is M metal and 0< x<0.5), MxW03 (here) M= 
metal, 0< x<0.5, A2P8W3201 1 2 (here, they are A=K, and Rb and TI), NaxTayWI- 
y03 (here) 0<=x<1, 0< y<1, RNb03 (here, R: one or more kinds of rare earth (Sc 
and Y are included)), Na1-xSrxNb03 (here) 0<=x<=1, RTi03 (here, R: one or more 
kinds of rare earth (Sc and Y are included)), Can+1Tin03n+1-y (here) — 2, 3, 
y> 0, CaV03 and SrV03, and Rt-xSrxV03 (here) R: One or more kinds of rare 
earth (Sc and Y are included), 0<=x<=1, R1-xBaxV03 (here) R: One or more kinds 
of rare earth (Sc and Y are included), 0<=x<=1, Srn+1 Vn03n+1-y (here) n= 1, and 2 

and 3 y> 0, and Ban+1 Vn03n+1~y (here) n- 1, and 2 and 3 y> 0, and 

R4Ba0u5O13-y (here) R: One or more kinds of rare earth (Sc and Y are included), 
0<=y, R5SrCu 6015 (here) R: One or more kinds of rare earth (Sc and Y are 
included), R2SrCu 206.2 (here) R: One or more kinds of rare earth (Sc and Y are 
included), R1~xSrxV03 (here) R: One or more kinds of rare earth (Sc and Y are 
included), CaCr03, SrCr03, RMn03 (here) R: One or more kinds of rare earth (Sc 
and Y are included), R1-xSrxMn03 (here) R: One or more kinds of rare earth (Sc 
and Y are included), 0<=x<=1, R1-xBaxMn03 (here) R: Rare earth [ one or more 
kinds of] (Sc and Y are included), 0<=x<=1, and calcium1-xRxMn03-y (here) R: 
One or more kinds of rare earth (Sc and Y are included), 0<=x<=1, 0<=y, CaFe03 T 
SrFe03, BaFe03, SrCo03, Ba0oO3, RCo03 (here) R: One or more kinds of rare 
earth (Sc and Y are included), R1~xSrx0oO3 (here) R: One or more kinds of rare 
earth (Sc and Y are included), 0<=x<=1, R1~xBaxCo03 (here) R: One or more kinds 
of rare earth (Sc and Y are included), 0<=x<=1, RNi03 (here) R: One or more kinds 
of rare earth (Sc and Y are included), RCu03 (here) R: One or more kinds of rare 
earth (Sc and Y are included), RNb03 (here) R: — one or more kinds of rare earth 
(Sc and Y are included), and Nb12 — 029, CaRu03, and calcium1~xRxRu1- 
yMny03 (here) R: One or more kinds of rare earth (Sc and Y are included), 
0<= x <=1, 0<=y<=1, SrRu03, calcium1-xMgxRu03 (here) 0<=x<=1 and calciuml- 
xSrxRu03 (here, it is 0< x<1), BaRu03, and calcium! -xBaxRu03 (here) 0< x<1, 
RuO (Ba, Sr)3, Ba1-xKxRu03 (here) 0< x<=1, RuO (R, Na)3 (here, R: one or more 
kinds of rare earth (Sc and Y are included)), RhO (R, M)3 (here) R: One or more 



http://www4.ipdl. ncipi.gojp/cgi-*bin/tran_web,cgi_ejje 



2006/04/10 



JP.2000-256098.A [DETAILED DESCRIPTION] 



12/18 s<—i> 



kinds of rare earth (Sc and Y are included), M=calcium, Sr, Ba, Srlr03 and BaPb03, 
PbO(Ba, Sr)3-y (here) 0<=y<1, BaPb1~xBix03 (here, it is 0< x<=1), Ba1-xKxBi03 
(here) 0< x<=1, Sr(Pb, Sb) 03-y (here, it is 0<=y<1), Sr(Pb, Bi) 03~y (here) 0<=y<1, 
Ba(Pb, Sb) 03-y (here, it is 0<=y<1), Ba(Pb, Bi) 03-y (here, it is 0<=y<1), MMo03 
(here, they are M=calcium, and Sr and Ba), TiO 3~x (being here 0<=x) (Ba, calcium, 
Sr), etc. 

[0061] Stratified perovskite mold oxide (K2NiF4 mold is included): Rn+1Nin03n+1 
(here) It is one or more kinds, the integer of n=1~5, and Rn+1Cun03n+1 (here) 
among R:Ba, Sr, and rare earth (Sc and Y are included), the inside of R:Ba, Sr, and 
rare earth (Sc and Y are included) — one or more kinds and n= — the integer of 
1-5, Sr2Ru04, Sr2Rh04, Ba2Ru04, Ba2Rh04, etc. 

[0062] RCo03, RMn03, RNi03, R2Cu04, CoO (R, Sr)3, RuO (R, Sr, calcium)3, RuO 
(R, Sr)3, SrRu03 and MnO (R, Sr)3 (rare earth with which R contains Y and Sc), 
and those related compounds are [ especially among these ] desirable. 
[0063] Although the thickness of a perovskite mold oxide thin film changes with 
applications, 10-500nm, it is 50-1 50nm more preferably, and it is preferably 
desirable that it is thin to extent which does not spoil crystallinity and front-face 
nature. In order to more specifically bury the irregularity constituted by the facet 
side of a buffer layer, it is desirable to set thickness to 30nm or more, and 
thickness, then sufficient surface surface smoothness 100nm or more are 
obtained. 

[0064] The crystallinity of crystallinity and a front-face nature buffer layer, a 
perovskite mold oxide thin film, and a substrate layer can be evaluated by the half- 
value width of the rocking curve of the reflective peak in XRD (X diffraction), and 
the pattern of a RHEED image. Moreover, the pattern and transmission electron 
microscope of a RHEED image can estimate front-face nature. In addition, RHEED 
is reflective high energy electron diffraction (Reflection High. Energy Electron 
Diffraction). 

[0065] a buffer layer and a substrate layer — an X diffraction — setting — field 
(200) or (002) field [— the half-value width of the rocking curve of reflection (400) 
of field] in the buffer layer of rare earth c mold structure — moreover, it is 
desirable to have the crystallinity of extent which each half-value width of the 
rocking curve of field reflection consists of with 1.50 degrees or less in the case of 
orientation (1 1 1) at the perovskite mold oxide thin film, for example (111). In 
addition, although there is especially no lower limit of the half-value width of a 
rocking curve, and it is so desirable that it is small, now, generally, about 0.7 
degrees especially of said lower limits are about 0.4 degrees. Moreover, in RHEED, 
when irregularity will exist in the front face when an image is a spot-like, and it is a 
streak-like, a front face will be flat. And all will be excellent in crystallinity with the 
case, if the RHEED image is sharp. 

[0066] As for a buffer layer and a substrate layer, in the laminating thin film of this 
invention, it is desirable that it is an epitaxial film. The epitaxial film in this 
specification needs to be single orientation film in the first place. The single 
orientation film in this case is film of the maximum peak intensity of the field which 
the peak intensity of reflection of things other than the field made into the purpose 
makes the purpose which is 5% or less preferably 10% or less, when measurement 
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by the X diffraction is performed, for example, 10% or less of the maximum peak 
intensity of field (kOO) reflection [ by the single (kOO) orientation film, i.e., the a-th 
page single orientation film, ] of the reinforcement of reflective peaks other than a 
field (kOO) by membranous 2 theta-theta X diffraction — desirable — 5% or less — 
it is . in addition, this specification — setting (kOO) — the field of a sequence (100) 
— namely, (100) — etc. (200) etc. — it is the display which names an equivalent 
field generically. The second condition of the epitaxial film in this specification is 
that a crystal is assembled in both the direction of a x axis, the direction of the y- 
axis, and the direction of the z-axis, and is carrying out orientation, when the 
inside of a film surface is made into a x-y side and the direction of thickness is 
made into the z-axis. Such orientation can be checked by the sharp pattern of the 
shape of the shape of a spot and a streak being shown by RHEED evaluation. For 
example, when turbulence is in crystal orientation in the buffer layer to which 
irregularity exists in a front face, the shape of a sharp spot does not become but a 
RHEED image shows the inclination extended in the shape of a ring. It can be 
called an epitaxial film if the two above-mentioned conditions are satisfied. 
[0067] Moreover, in this invention, a perovskite mold oxide thin film can be 
considered as an epitaxial film. 

[0068] Although the substrate used by substrate this invention can be chosen 
from the various single crystals of Si, MgO, and SrTi03 grade, its substrate which 
has Si (100) single crystal front face is the most desirable. 

[0069] Although what is necessary is not to limit especially the formation approach 
of the manufacture approach buffer layer, a perovskite mold oxide thin film, and a 
substrate layer, but just to choose from the approach of forming suitably by making 
these into an epitaxial film on a substrate, especially Si single crystal substrate, it 
is desirable to use preferably vacuum deposition and the vacuum deposition 
currently especially indicated by said JP,10~223476,A etc. 

[0070] Hereafter, the formation of a buffer layer which consists of fully stabilized 
zirconia is explained as an example of the manufacture approach. 
[0071] In enforcing this manufacture approach, it is desirable to use the vacuum 
evaporationo equipment 1 of a configuration as shown, for example in drawing 1 1 . 
[0072] This vacuum evaporationo equipment 1 has vacuum tub 1a in which vacuum 
pump P was prepared, and the holder 3 which holds a substrate 2 in the lower part 
is arranged in this vacuum tub 1a. It connects with the motor 5 through the 
revolving shaft 4, and can rotate by this motor 5, and this holder 3 can rotate a 
substrate 2 now in that field. The above-mentioned holder 3 builds in the heater 6 
which heats a substrate 2. 

[0073] Vacuum evaporationo equipment 1 is equipped with the oxidizing gas feeder 
7 r and, as for the nozzle 8 of this oxidizing gas feeder 7, the above-mentioned 
holder 3 is arranged immediately caudad. As for a oxidizing gas, the partial pressure 
is made high with about two substrate by this. Below, the Zr evaporator 9 and the 
rare-earth-elements evaporator 10 are arranged at the pan of a holder 3. The 
energy supplying devices (an electron ray generator, resistance heating equipment, 
etc.) which supply the energy for evaporation other than each evaporation source 
are arranged at each [ these ] evaporator. 

[0074] First, a substrate is set to the above-mentioned holder. By this 
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manufacture approach, a homogeneous thin film can be formed on a large area 

substrate, for example, a substrate with 10cm two or more area. Thereby, the 

electron device which has the laminating thin film of this invention can be made 

very cheap compared with the former. In addition, although there is especially no 

upper limit of the area of a substrate, in the present condition, it is about 

[ 400cm ] two. Although the present semi-conductor process has 2-8 inches Si 

wafer and a thing especially in use using a 6 inch type wafer, by this approach, it 

can respond to this. Moreover, it is possible not the whole wafer surface but to 

choose with a mask etc. partially and to form a laminating thin film. 

[0075] When using Si single crystal substrate, it is desirable to perform surface 

treatment to a substrate before formation of a buffer layer. As for the surface 

treatment of a substrate, it is desirable to use the art indicated by said JP,9- 

1 10592 A Japanese Patent Application No. No. 106776 [ nine to ] by these people, 

etc. 

[0076] Si crystal on the front face of a substrate is in the condition of it having 
been covered with Si oxide layer and having been protected, after such surface 
treatment. And this Si oxide layer is returned and removed by metals, such as Zr 
supplied to a substrate front face, in the case of the buffer stratification. 
[0077] Next, the buffer layer is formed by heating a substrate in a vacuum and 
supplying Zr and rare earth elements, and oxidizing quality gas to a substrate front 
face. What js necessary is just to set up whenever [ stoving temperature ] suitably 
so that good crystallinity may be acquired and a facet side may be formed. In order 
to crystallize, it is desirable that it is 400 degrees C or more, and if it is 750 
degrees C or more, specifically, the film excellent in crystallinity will be obtained. 
Moreover, the dimension of a facet side is controllable by whenever [ stoving 
temperature ]. Although the upper limit of whenever [ stoving temperature ] 
changes also with thermal resistance of a substrate, it is usually about 1300 
degrees C. As oxidizing quality gas used here, although you may be any, such as 
oxygen, ozone, atom-like oxygen, N02, and radical oxygen, oxygen is mentioned as 
an example by the following explanation. 

[0078] Oxygen gas is continuously supplied in a vacuum deposition tub, exhausting 
the inside of a vacuum tub continuously with a vacuum pump on the occasion of 
formation of a buffer layer. As for oxygen tension [ / near the substrate 1 it is 
desirable that they are 10-3 - 10-1Torr extent. The upper limit of oxygen tension 
was set to 10-1Torr for keeping the vapor rate constant, without degrading the 
metal in the evaporation source in a vacuum tub. It faces introducing oxygen gas 
into a vacuum deposition tub, and gas is injected from the near on the surface of a 
substrate, it can be good to build the ambient atmosphere of high oxygen tension 
only near the substrate, and, thereby, the reaction on a substrate can be promoted 
more in the small amount of gas installation. Since the inside of a vacuum tub is 
continuously exhausted at this time, almost all the parts of a vacuum tub have a 
low pressure of 10-4 - 10-6Torr. The amount of supply of oxygen gas is a part for 
5-25 cc/more preferably by 2-50 cc/. By controlling the oxygen gas amount of 
supply, it becomes possible to form a facet side easily, and the dimension of a 
facet side can be changed. Since the optimal amount of supply of oxygen gas is 
decided by the volume of a vacuum tub, and the factor of a pumping speed and 
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others, it calculates the suitable amount of supply beforehand. 
[0079] With an electron beam etc., each evaporation source is heated, is 
evaporated, and is supplied to a substrate. It is homogeneous, and in order to form 
the thin film which has a facet side, as for especially a membrane formation rate, 
considering as 0.100 - 0.500 nm/s is desirable 0.05 to 1.00 nm/s. By controlling a 
membrane formation rate, it becomes possible to form a facet side easily, and the 
dimension of a facet side can be changed. 

[0080] When forming membranes on the front face of the substrate which is the 
diameter of 2 inches when membrane formation area is 10cm about [ 2 or more ] 
for example, oxidation reaction can be promoted throughout a membrane formation 
field by rotating a substrate, as shown in drawing 1 1 , and supplying oxygen gas 
uniformly throughout a substrate front face. Thereby, moreover, formation of the 
homogeneous film is attained by the large area. As for the rotational frequency of a 
substrate, at this time, it is desirable that they are ten or more rpm. If a rotational 
frequency is low, it will be easy to produce distribution of thickness in a substrate 
side. Although there is especially no upper limit of the rotational frequency of a 
substrate, it usually becomes device top 120rpm extent of vacuum devices. 
[0081] What is necessary is just to form according to the case of the above- 
mentioned fully-stabilized-zirconia thin film also about the thin film which consists 
of rare-earth-elements oxide, or the thin film which consists of a zirconium 
dioxide. Moreover, in case a rare-earth-elements oxide thin film is formed on a 
zirconium dioxide thin film, when, using the same rare earth elements in both thin 
films for example, when a zirconium dioxide thin film is formed in predetermined 
thickness, supply of Zr can be suspended, and both thin films can be continuously 
formed by supplying only rare earth elements succeedingly. Moreover, what is 
necessary is to reduce the amount of supply of Zr gradually and just to shift to 
formation of a rare-earth-elements oxide thin film as zero finally, in making a 
buffer layer into inclination presentation structure. 

[0082] Since especially the above-mentioned manufacture approach can be 
enforced in the comparison with the conventional vacuum evaporation technique, 
the sputtering method, the laser abrasion method, etc. under the operating 
condition which does not have the room of mediation of an impurity so that clearly 
and which is moreover easy to control, it is suitable to obtain the specified 
substance with good repeatability and high integrity by the large area. 
[0083] In addition, even when MBE equipment is used in this approach, the target 
thin film can completely be obtained similarly. 

[0084] It is desirable to make substrate temperature at the time of vacuum 
evaporationo into 500-750 degrees C in the case of formation of a perovskite mold 
oxide thin film. If substrate temperature is too low, the crystalline high film will be 
hard to be obtained, if substrate temperature is too high, the presentation gap by 
reevaporation will be produced or the irregularity of a membranous front face will 
tend to become large. In addition, the reevaporation of a raw material can be 
reduced by introducing the oxygen radical of a minute amount in a vacuum tub at 
the time of vacuum evaporationo. Specifically in PbTi03 thin film, there is 
effectiveness which controls the reevaporation of Pb or PbO. 
[0085] In this invention, although the display flatness of a perovskite mold oxide 
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thin film front face generally becomes good, sufficient display flatness may not be 
obtained depending on the thickness or the formation approach of a thin film. In 
such a case, flattening of the thin film front face can be ground and carried out. 
What is necessary is just to use for polish concomitant use with the mechanical 
polish and chemical polish using the chemical polish which uses an alkali solution 
etc., colloidal silica, etc., and mechanical polish etc. In addition, when a laminating 
thin film front face is ground, polish distortion may remain. When polish distortion 
needs to be removed, it is desirable to give annealing to a laminating thin film. 
Preferably, 300-850 degrees C f annealing is 400-750 degrees C more preferably, 
and is performed for 5 - 15 minutes for [ for / 1 second / - ] 30 minutes. 
[0086] In application this invention of a laminating thin film, the functional film of a 
high property can be formed on Si substrate. Therefore, the laminating thin film of 
this invention is suitable for the various above mentioned electron devices. 
[0087] In case it applies to an electron device, in using a perovskite mold oxide 
thin film as an electrode layer, it usually forms various functional film on it. 
Moreover, in using a perovskite mold oxide thin film as various functional film, it 
usually forms an electrode layer on it. As a metal which constitutes the electrode 
layer formed on a perovskite mold oxide thin film, the metal simple substance or 
alloy containing at least one sort of Au, Pt, Ir, Os, Re, Pd, Rh, and Ru is desirable. 
[0088] 

[Example] On the example 1 Si (100) single crystal substrate, Zr02 thin film, 20 Y3 
thin film, and PbTi03 thin film formed the laminating thin film by which the 
laminating was carried out in this order in the following procedures. 
[0089] First, Si single crystal wafer (disc-like [ with a diameter / of 2 inches / and 
a thickness of 250 micrometers ]) which cut and carried out mirror polishing so 
that a front face might turn into a field (100) was prepared. Etching washing of this 
wafer front face was carried out with the ammonium fluoride water solution 40%. 
[0090] Next, the above-mentioned single crystal substrate 2 is fixed to the 
substrate holder 3 equipped with the rotation and the heating device which were 
installed in vacuum tub 1a using the vacuum evaporationo equipment 1 shown in 
drawing 1 1 . It heated at 600 degrees C, having rotated the substrate by 20rpm 
and introducing oxygen near a substrate at ten cc a rate for /from a nozzle 8, in 
order to protect a substrate washing side using Si oxide, after exhausting a 
vacuum tub with an oil diffusion pump to 10~6Torr. The substrate front face was 
oxidized thermally by this, and Si oxide film with a thickness of about 1nm was 
formed in the substrate front face. 

[0091] Subsequently, 900 degrees C was made to heat and rotate a substrate. The 
rotational frequency was set to 20rpm. While introducing oxygen gas at ten cc a 
rate for /from the nozzle at this time, Metal Zr was evaporated from the 
evaporation source, said substrate front face was supplied, and the reduction and 
thin film formation of Si oxide which were formed at the last process were 
performed. In addition, the amount of supply of Metal Zr was converted into the 
thickness of Zr02, and was set to 10nm. It was checked that the peak (002) of 
Zr02 is clearly observed in an X diffraction, and this thin film is Zr02 thin film of 
the high crystallinity in single (001) orientation. Moreover, as this Zr02 thin film 
was shown in drawing 4 , the perfect streak pattern was shown in RHEED and it 
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was checked that a front face is a flat and high crystalline epitaxial film in a 
molecular level. 

[0092] Next 20Y3 thin film was formed by using as a substrate the single crystal 
substrate in which this Zr02 thin film was formed, and supplying Metal Y to a 
substrate front face the condition for substrate temperature [ of 900 degrees C ], 
substrate rotational frequency 20rpm, and amount/of ten cc of oxygen gas 
installation. The amount of supply of Metal Y was converted into Y203, and was 
set to 40nm. The RHEED image of this 20Y3 thin film had the shape of a sharp 
spot, as shown in drawing 5 . This 20Y3 thin film is an epitaxial film with good 
crystallinity, and this shows that irregularity exists in a front face. When the cross 
section of this 20Y3 thin film was observed with the transmission electron 
microscope, the facet side with a height of 10nm existed and the ratio of a facet 
side was 95% or more. 

[0093] Next PbTi03 thin film with a thickness of 300nm was formed on the Y203 
thin film. Substrate temperature set 600 degrees C and a substrate rotational 
frequency to 20rpm. During film formation, in order to control the reevaporation of 
Pb, radical oxygen was supplied by flow rate 10sccm. The RHEED image of this 
PbTi03 thin film had the shape of a sharp streak, as shown in drawing 6 . From 
this, this PbTi03 thin film is understood that crystallinity is good and a front face 
is flat at a molecular level. 

[0094] Thus, the X diffraction chart of the obtained PbTi03/Y203/Zr02/Si (100) 
laminating structure is shown in drawing 7 . Only the peak of a field equivalent to 
PbTi03 (001) and the peak of a field equivalent to PbTi03 (100) are accepted in 
drawing 7 . It turns out that it is tetragonal domain structure film which consists of 
an orientation (001) crystal and an orientation (100) crystal since PbTi03 serves 
as ****** at a room temperature. When this PbTi03 thin film was observed with 
the transmission electron microscope, having domain structure was checked. Since 
PbTi03 under growth is a cubic, it turns out that the cubic (100) orientation film 
was formed during growth. 

[0095] On the example 2Si (100) single crystal substrate, Zr02 thin film and 20Y3 
thin film were formed like the example 1, and the PZT thin film expressed with Pb 
(Zr0.25Ti0.75) 03 was formed with vacuum deposition on this. Substrate 
temperature set 600 degrees C and a substrate rotational frequency to 20rpm. 
During film formation, in order to control the reevaporation of Pb, radical oxygen 
was supplied by flow rate 10sccm. 

[0096] Thus, the X diffraction chart of obtained PZT/Y203/Zr02 / Si (100) 
laminating structure is shown in drawing 8 . Only the peak of a field equivalent to 
PZT (111) is accepted in drawing 8 . In addition, the half-value width of the rocking 
curve of PZT (111) reflection is 1.29 degrees, and excelling in the stacking 
tendency was checked. 

[0097] Changed to example 3Zr02 thin film and 20Y3 thin film, and the fully- 
stabilized-zirconia thin film was formed, and also fully stabilized zirconia / Si (100) 
laminating structure was produced like the example 1. The presentation of a fully- 
stabiiized-zirconia thin film was set to Zr0.7Y0.3O2~delta, and the substrate 
temperature, the substrate rotational frequency, and the amount of oxygen 
installation at the time of forming a fully-stabilized-zirconia thin film made it the 
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same as the time of the Zr02 thin-film formation in an example 1. 
[0098] The RHEED image of this fully-stabilized-zirconia thin film had the shape of 
a sharp spot, as shown in drawing 9 . This fully-stabilized-zirconia thin film is an 
epitaxial film with good crystallinity, and this shows that irregularity exists in a 
front face. The transmission electron microscope photograph of this fully- 
stabilized-zirconia thin film cross section is shown in drawing 10 . In drawing 10 , 
right-hand side is Si single crystal substrate side. It turns out that the interface 
with the metal thin film of a buffer layer does not almost have a field (it sets all 
over drawing and is a perpendicular field) parallel to a substrate front face, and 
most consists of facet sides. The ratio of the facet side of this fully-stabilized- 
zirconia thin film was 90% or more. 

[0099] When the perovskite mold oxide thin film was formed respectively like each 
above-mentioned example on this fully-stabilized-zirconia thin film, the crystalline 
good thin film has been formed like each above-mentioned example. 
[0100] 

[Effect of the Invention] When a facet side is made to exist in a buffer layer front 
face and a perovskite mold oxide thin film is formed on this facet side, this thin 
film's serving as orientation (1 1 1) of the orientation (100) of a cubic or ******, 
tetragonal (001) orientation, a cubic, or ******** is not having been reported 
conventionally but found out for the first time in this invention. As mentioned 
above, using Zr02 thin film and a rare-earth-elements oxide thin film as a buffer 
layer also conventionally was known, but when a perovskite mold oxide thin film is 
directly formed on a flat buffer layer, it is easy to become orientation (110) and 
orientation (101). In this invention, by using this, and growing up a perovskite mold 
oxide so that the (110) field or (101) field may become parallel to a facet side, it 
has orientation (100), orientation (001), or (111) orientation, and formation of a 
crystalline good perovskite mold oxide thin film is enabled easily. Moreover, it is 
possible by choosing a lattice constant in a buffer layer and a perovskite mold 
oxide thin film in this invention to make it take the orientation of the arbitration 
chosen from orientation (100), orientation (001), and (111) orientation in each 
crystal system. 

[0101] Nonvolatile memory, an infrared sensor, an optical modulator, an optical 
switch, OEIC, a SAW component, VCO, a convolver, a collimator, a memory device, 
an image scanner, a thin film bulk resonator, a filter, SQUID, a Josephson device, a 
superconducting transistor, an electromagnetic wave sensor, the superconduction 
wiring LSI, etc. are producible by using the perovskite mold oxide thin film in this 
invention as functional film, such as a ferroelectric, a piezo electric crystal, and a 
superconductor. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] (a) is the mimetic diagram of the {111} facet side on the front face of a 
buffer layer, (b) is a mimetic diagram showing the AB03 mold perovskite crystal 
which serves as cubic (100) orientation film by growing up on a {1 11} facet side, 
and (c) is the mimetic diagram showing the condition of having formed AB03 thin 
film on the facet side of (a). 

[Drawing 2] It is a mimetic diagram showing the AB03 mold perovskite crystal 

used as the tetragonal (001) orientation film by growing up on a {1 1 1} facet side. 

[Drawing 3] It is a mimetic diagram showing the AB03 mold perovskite crystal 

used as the orientation (111) film by growing up on a {1 1 1} facet side. 

[Drawing 4] It is the drawing substitution photograph in which the crystal structure 

is shown, and is the RHEED image of Zr02 thin film formed on Si single crystal 

substrate. 

[Drawing 5] It is the drawing substitution photograph in which the crystal structure 
is shown, and is the RHEED image of 20Y3 thin film formed on the Zr02 thin film 
which shows a RHEED image to drawing 4 , 

[Drawing 6] It is the drawing substitution photograph in which the crystal structure 
is shown, and is the RHEED image of PbTi03 thin film formed on the Y203 thin 
film which shows a RHEED image to drawing 5 . 

[Drawing 7] It is the X diffraction chart of the PbTi03/Y203~/Zr02/Si (100) 
laminating structure. 

[Drawing 8] It is the X diffraction chart of the 203/Zr02/Si (100) laminating 
structure of PZT/Y. 

[Drawing 9] It is the drawing substitution photograph in which a crystal structure is 
shown, and is the RHEED image of the fully-stabilized-zirconia thin film formed on 
Si single crystal substrate. 

[Drawing 10] It is the drawing substitution photograph in which a crystal structure 
is shown, and is the transmission electron microscope photograph of the cross 
section of the fully-stabilized-zirconia thin film formed on Si single crystal 
substrate. 

[Drawing 11] It is the explanatory view showing an example of the vacuum 
evaporationo equipment used for formation of the laminating thin film of this 
invention. 

[Description of Notations] 
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1 Vacuum Evaporationo Equipment 

1 a Vacuum tub 

2 Substrate 

3 Holder 

4 Revolving Shaft 

5 Motor 

6 Heater 

7 Oxidizing Gas Feeder 

8 Nozzle 

9 Zr Evaporator 

1 0 Rare-Earth-Elements Evaporator 
[Translation done.] 
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1) ffifcgfbbs lETja (001) Era3BS**-r«M 
£&£o -75\ AB0 3 »flHOfflflctc<toT«i. ^£P?£ 
feiWja (10 0) fiEfp]€>££. Simple £9, 
jgffufta, IE#a£ftfcm;£a<0 (10 0) RSfok «4t5t 
gcD (0 0 1) El&Sfcfc* (0 1 0) ElRlftHtc^tr 
§cH6^c AB0 3 II^ Sfe^cD 

>y h&Hlc£D. F *4>fflm*%rtrZ>m£ &%>££*> 
&Z>o fflfLlf. Si (10 0) S*£±tCY 2 0 3 /Vy:7r 
mttBf&L. =t<D {111} ^T-b^y hffi_ttcj?£ 1 0 
0nm<DPbT i 0 3 «W***Lfc»^ (100)1 
«Sb b b 4oJ:^ (0 0 1) ElftlSa**&ftSF*^>llfifi 

[00 1 8] C<D£5lC, /W:7rJf<D {1 1 1} 7 T 

i o} m, (iio) mzrci&ctitmmftm 



[0 0 19] ^orxA^HSWtlWMI* 1 . ^ 

ti^£W8\ ^ofi^issrcttsgnfi^ao uio} rfu 

i:/^y77i© 1111} ^T-fcr^y hffifcA^tfTfrft 
ttUfc&oTfcD. fro. ^u7X^ hSSBtfbttlfVM 
(10 0) BEfttC&oTl^o 
[0 0 2 0] ^oyXA^ h£KfbttWK#tt£P 

»KIE^ai:&o-tV5«£\ *OiE#a {110} 

a. -r&fr^ (i i o) mhL<i±cntmmr^ 3= 
rc«\ iE^a {ion ®. T&t>^ ( 1 0 1 ) at l 

<ticnfcSffiW, illl) 77^7hIi:(5iJ 

(100) EiSjSfctt (001) ISfa£&£c t 

h^SfblftWKtt. *o 110 1} Itf U 1 1) 7 
T-fcr>y hffifcl*tJ¥ff*4£«T. fro (001) Eft£ 

[0 0 2 1 ] $fc* ^O^XA^hSBWbttWII^ftiP 

«fc»#afc*oT^*»&. *©*ttra moi 
-?Kt>% (i i o) i^Kttcn^WA s 
§4^a {ion a. *r&*>-£ (i o i) ffitb 
<«cntwj:E *wa {o i i) hik *r 

(oil) ffifebOicttk^ffiftBu*^ U i 

uy^±>^ hmmimwmi*. (100) ei*k too 

1) mfaXfcli (0 1 0) mfat&ZCttflSz-Zti 

[0 0 2 2] ^tc. ^nyx^f-Y h^SHb^RSMfrlET? 
at bTJ5Sc«TS»&fc:cH^T\ Hffii*fl§t^TBHWr 

^i^fnt (ii Difcu coffitni^ra^n^x 
fj^hmwtitvmo don ffifc*^fTi:as<fc3^ 

iE^a^ p^xmf mmimv b mm ( = a ws) , 
*r^t>^H2(c^-riE^a hod nsoszifid 

i i) yr^v hmt^fttftzoite^uyxij^ hm 

■wt*©jE#a {ion bb, ~r^t>^ (iodis 
rc^cni:^ : ffi^rftj-e$>D, ja*kbr, ^nrx^^ 
H!»b«n»JKtt, **D*ffiWY 2 o 3 (ioo) stci$ 
(S¥ff^a»). iE^a (ooi) sEi^Bi^^^o 

[0 0 2 3] *43. ^P7X^^ hffllWbWUHIA^iE* 
afcbTJGRSfSW'&JCtt. %<DJEJ5& {110} ffitf 
{l l 1} 77*7hfflkSff 3 Ffrk4Sckt«So 
[0 0 2 4] ±j^b/cJ:d^bT^b/c^n7 w X^W 
hSIMbWaiBitt. (10 0) EIrIs (001) EfoJ*5 
cttf (0 1 0) EfpjeD 1 asrctt2«^6asEl«QBIi: 

-r*t>-&x ^n^no*— Eift«i:as*\ cn 
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[0025] s<a7x*]<<c bm&itwimmtf o 

[0 0 2 6] Bl (a) 4UC:fctfS { 1 1 1 } 77*7 

HifB<0* : FiailHd0 2fr3 (2d) i)\ m 3 K*vrs:7wa 
AB0 3 (1 10) SOSi2Sd K i:S^t§i^ BEH 
{ill} 77*7 hffifc«tf¥fri: A 
B0 3 {1 10} ffiTfeSo 7r**y hffifcSff¥ftfc: 
asffitf 1110} ffiTfcSjSTttBl (b) fcHfllT 
$>S#\ B3©®&l;:tt. BIi (b) K^te^tfflMS 
Lt4t)ft«BTlSfif*c fit, fiEfiftOABOj 
W(lll) ffi*WEaWc»LTBff¥fT 

ii3?T*&So LfctfoT. (Ill) EftlC&oT 

fi»<iiaM(tflitc^ftrntf, gistta ( i i 1 ) eiri 

t/\> Site. JSfif&lcIETJS (111) tc^{tr*Ji-&T 
fe, »«»T**«iE»* [00 1] #fi©«#**UfflT 

€rsfc# x »«««iifcLT©«iev5pjffl"e**o 

[0 0 2 7] rtfi(fo^o^x*>f hiSIWfcW»MB# 
(10 0) HBidj, (001) Eft. (0 1 0) Efa, 
(111) EftOl^TtifcaS^ti;, ^td^u^x^j-Y 
h §3K{b1» t^yyrMt (DWHDtt&J&SLO ^ X 7 ^ 7 
McffifrTSo ffl7il£. P b T i 0 3 T*{4 (00 1 ) IE 
ft* fcoWKfc ft 0 PZTT'Ji (1 1 1) Eft 

[0028] 77*7 hffi<D^mzmcmfezn%:^ 

£ M^lT S ¥ffilcS» L It t * O rftt*VJ%« . 
^777 JHSifii 7 7 * 7 h iff!*®** c £ tc J: 
*Vh<* < aSO?\ aSB>fi*tt 5nm^±T&SC 4:tf» 

<ntf77^ l^-t < a s or% 
±nm&^tmt 3 onmWTTfe^ c i: aw* li\ a 

So 

[0 0 2 9] ±fEWffitC:fc#S7 7*7 bffiOit^te. 

L < fc* 8 0 %&L±. ct 0»S L < ti 9 0 %tX±T?fe 
So 7 7*7 hffiOJtsp^fi-T^Si:. ^P7*X^j^h 

siifbiwiJii*ftJiaxe#*s/^7i/iit ltjsji^ 

SCitfBJiiraSo *Wdffl»Jc**tS7 7*7 

hffiojt*«i, ^7 7 7«»rffioaiias« : FHaa^K 



Ls Efirt£¥fif&aB (77*7MW) <0£fltfiS 
*H£fS^ ±EJt*tt. [1- (H/B) 2 ] 

So 

[0030] rnm^ {111} 77*7 hffi*flgjsc-rs 

fc*K, ;^7ritt, *±JR7E«lfcfbW*±j«»i:-r 
S*\ BEfb^I/n-^A^fiE^k-rS^ ZrO-S 
*«±3B7C*t L< ttT'/l/* >J ±3B7£*T?«»bfcltfb 
10 ^;l/a-^A^±^^t5Ci:WSLl\ a*5, * 

£-fS 0 CO<fc3^7 77ili, (1 0 0) E 

ft. iE^S (001) EftSfcttili&a (001) Eft 
^ffi(C77*7 hffi*m3SB*-&SCi:^pIffiT 

&So 

[0 0 3 1] «±a7t**J:tf7';l/*U±a7S**RT 
Stk, /Vy77lOiffi, Z r i. x R x 0 2 Jt8t 
CfctfTSSo x-OTfeSKfb^Vl/^^^A (ZrO 

*oSiptc«toi:»attfi^fbt"So zr0 2 ^±i 

^fS £ fc fc* 7 ;b * U ±£in;SI * gsJta L fc ffifbtfc tt . -US 
fcfiSfb^/l/^-Tfc^tfftSo Zr0 2 

[0 0 3 2] 7 7*7 hE^flM^flTS 

ntf Z r u x R x 0 2 _^ tCfettS xfi^cPI^^tiav\ 
/cl, Jpn J .App 1 .Phys .27 (8) L1404 -LH05 (1988) tC 
S±®^lK^fbi>Vl/n-7^t5V^Tx^0. 2* 

i:w«e*nr*3 0. */c, j.A PP i.Ph y s. 58 (6) 2407-24 

09(1985) tcti, IE*a*rctt#»ai:asfflJiltWcfet^ 
Sckdfc-rstOW^OElRlffiA^ilAL, E 

t x e * frj&m^mt* 0 > &»&m&itim 

40 afejfcfifcfSli^CtiW^L^o fc/cU 77*7 

[0 0 3 3] -77. ^77i*S iW^^tcSL 

?j£kT*li&Zi)\ (10 0) EIrI3W#6*Uc< <> 
(ill) ElRlOttatfHAbftO. (ill) JH-E 
fatft-otcO LTL*3o LfcAST, S 
±tCM7 7 7^^lfi}gffM*rSPgtC(i, Z r 1 . x R x 0 2 _ 
6tc4ol>Tx<0. ^tCO. 5 0KT^t5 

50 Lttf»$U^. 
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[o o 3 43 fefcu si #e B B B »«±ic mm&ym 
t>s&T^/^y7 7i^iw 0 (ioo) aaiRj^-r 

0) BSIrJ. lE^H (0 0 1) SSf^^rc(i^ 0 B 9 (0 0 

r je «fc o fe x ^2 i Mitcis^-r £ c t ic a § e 

CO 0 3 5] fiSfb^U3-TWi|}V*tr«±a7£Jl6 

S*DLfc££fbS*©«H, »feJ:tf«atcJ:f5» 
i^l^fftL, Z r j. x R x 0 2 _(5tc4o^^6^. 0- 
1. Q(DW>mt%:*), iffi#, 0 — 0. 5£&£ 0 

[0037] /^77i(t ajfiZA^iffisHwai/^LaiBW 

ic ffifb-T S «»fidt«5ST* £> o r £> <t t \, ttftffitttt& 
Zri. x R x 0 2 Ji:W§x^ *v*7r 
■OKSflft^SOfll (&«WBtffll) fcfifroTHWcr 

[0 0 3 8] /^y7 7llCffl^S±lK»t Sc. 
Y. Ce. Pr. Nd. S m. Eu, Gd. Tb. D 
y. Ho. Er. Tm. Y b ls£Zf L u <D'J>%: < t *» 1 

T? * S #±S a £!f»3& i:4DWl^O Wr-flE-r £ <0 

tf!f$L^o KftWlcttx Sc. Y. Ce. Eu. G 
d. Tb. Dy. Ho. Er. T m. Y bU^tfl uO 

[0 0 3 9] /^y7TMia*, Wtta#©;te»lcS*n«l 
*»ALtfe<J:V\ ffllfcfcf. A 1 fccfctf S i a, I^S 
^#ft0±£#£$»5l#&£o £btC. Mn. Fe. C 

o. n i &E(Dm&£mftmte, m^^r^mmc 

[0 0 4 0] T«Si*^y7rlkttffli>*Z 



9 9. 9 9mol%gJSTfe^ 0 *fc, 31tiE<Di«*eK{bfitl5 
T&Z r 0 2 £H f 0 2 fcO#«tt«Ll#vD-C, Z r 0 2 
OfcEgti, Zr+HfT'<D«a*«LTV^ 0 L 

fctfoT. *Wm«(Cfe^SZ r 0 2 OWfi«;J\ H f f: 

z r fc*pj^*t*abTwmstifctt-c*«*v h f 

02«*58WlC^t*S Z r 0 2 3f§itc:fc>^T Zr0 2 ^ 

[004 i] /^yyrmcomzimfcmmzft'f, mm 

io WS07rty hW\&l&f&?£ti&&5KmMm&rti 

t££l\tf\ »*L<tt5—l OOOnrn. cfc 9 # f: L < 
2 5~1 OOnmt^So 7 7l^itf 

[0 0 4 2] ^nr/Xft-f hMMblElffli 

[0043] BaTi0 3 ;PbTi0 3 . «±JHtc*$ 
PZT (5^/1/3 y^-^^lMB) . PLZ 

Mb^l* ; b i ^o^x^ Kb^tti&ifo J^± 
a^. i^i^D^x^^Mt^ 

Mo 

30 [0 0 4 4] ±Ke-^O^X^-r B a T 

i o 3 ^>. PbTi o 3 *fiD»5S^o^x*>r hfb^aa 

4f«\ — jRtefb^A B0 3 Tf^n^c CCt\ Afe 
<ttf BtiS-^lffl-r^>^-To Ati:Ca. Ba. Sr. 
Pb. K. Na. Li. LaficfctfCd^Sltftlfel 
ffll^±-efe^>C^^W^L<. BfiTL Zr. T a 
•fct/N b^SjBtfnrc i ■K±t'ft«i:tWSU\ 

40 [0 0 4 5] C3 Lfc^n^X^-r hSfb-&^tc43^S 
tt*A/B«, ^^b<ii0. 8-1. 3t$t), J:D 
0lt<iiO. 9 — 1. 2tWo 
[0 0 4 6] A/B^COi:^ai5HtC"r^Chtci:o 

*KS"r S c f: ^WffiJc a S 46, IS«fM$tt S (i3S 
ii#tt^#t§Li:Wt^ cititc^b. a/b 
^0. 8*^^(i*g 0 B e tt^#?ijm^Si6^<^O. * 

^9tL^?o C^9^A/B(i, J58IH*ff**J»f 
50 §Lt(:J:oTiS« 0 
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[0 0 4 7] ft:fc, -^mmW-C'tt, PbTi 0 3 ft£V) 
£?ICA BO x lC%>lf%0(Dttmx?t~t ^T3 h ITS 

7X*^f J:oT(i, ^^K^fc^^^f'J^ 

B0 x tC:JoOT\ xOfifi. mi%, 2. 7~3. 3 fig 
■efe^o ft£k A/B&, ^X^<^ffi^bJlta6§C 

[0 0 4 8] *mWVRi^2> A B 0 3 ^^n7"X^^ 
Mt^^LTte. A 1+ B 5+ 0 3 , A 2+ B 4+ 0 3 . A 3+ B 
3+ 0 3 . A x B0 3 , A (B' 0 07 B "o.33> A 

<B' 0.33B"o.67) 0 3 . A ( B 0 5 + 3 B 0 o 3 , 
A (B 0 . 5 2+ B 0 ^) 0 3 . A (B 0 .5 1+ B 0 .5 7+ ) 0 3 , 
A 3+ (B 0 . 5 2+Bo.5 4+ ) 0 3 . A ( B 0 2 J+ B Q 75 ^) 
0 3 . A (B 0 5 3+ B 0 5 ^) 0 2 75 . A (B 0 . 5 2+ B 0 .5 

[0 0 4 9] ftftWfcii, PZ1\ PLZTHOPb^ 
^n^XAYMt&tt. CaTi0 3 . BaTi0 3 , P 
b T i 0 3 . K T a 0 3 . BiFe0 3 , N a T a 0 3 , S 
rTi0 3 . C d T i 0 3 . K N b 0 3 . LiNb0 3 , L 

[0 0 5 0] ft*5, ±fSP ZTfi, P b Z r 0 3 -P b 
T i O z ?k<DW®WT'$>Z>o P b T i 0 3 : P b Z r 0 3 

Ttt— »»c, P b T i 0 3 U vV-mic&^TlEfiSitZ: 
9^ir<. P b Z r 0 3 U yf HlltcJs^Tiffiftfifca 
D^^\> _tfBPLZTli. PZTtCLa^K- 

:/«ftfcfl:^*nM&9* A B0 3 ©*f2lCfiE*.tf. ffU* 
If (P b 0.89^0 .91 L a 0.11~0.09 ) (Z r 0.65 T i 
O.35) 0 3 T^2ft£ o 

[0051] g=fc, ffltt^p77*>rnt^«io5%B 

* B i 2 A m-l B n,°3m + 3 

TSfc*tl*o ±IEiWc;fc^T, mlil-50iS^ A 
«\ Bi, Ca. Sr. Ba, P b £> «fc tf«±S7cJK 
(S cfeJ:tfY*&tr) Oi/^-rti^TfeD. Bfc*. T 
U T a*5«fctfN bO^fn^T'fe^o Sf*WtC*4, B 
i 4 Ti 3 0 12 , SrBi 2 Ta 2 0 9 , SrBi 2 Nb 2 0 9 

[0 0 5 2] ft*>\ Jg^D7XA^ hfflft^m (JHtt 

M^.« S r R u O z (D£ 5 icmmitLfc ZZicmfU^U 
IS Attft £ fcttSte^STtt ft < , »(H^ n :/x * ^ 



[0053] #«wiecJB^*c bti>W& Lt^DyxA 

7X#>f hSMfc£14k M^^B a T i O3. S r T i 
0 3 . P L Z I\ P Z 1\ C a T i 0 3 . PbTi 0 3 , 

fiBaT i0 3 , S r T i 0 3 , P Z T\ P b T i 0 3 , 

ti. PbTi0 3 , R (R(i, Pr. Nd, Eu, T 
b> Dy. Ho, Yb, Y, S m. Gd, Er*5£tfL 
10 aA^6iB^*nft^a< fcfc iao«±»7t:SR) , P 

b, t i aswco**s-r**±JB7E**Wf-*>» 

[0 0 5 4] *BBBTtt, «±a7c*#«^^>K«Bfc 

(P b + R) /Ti=0. 8- 1 . 3, 
Pb/ (P b + R) =0. 5-0. 9 9 

(Pb + R) /Ti=0. 9- 1 . 2, 
20 Pb/ (Pb + R) =0. 7 — 0. 97 

ffifi!tOft±»7C*^^^>»jB«, fifi¥8-l 8 6 
6 2 5#tcBB**nTt^ 0 »±«7C**±EJt*1*P 
bT i 0 3 lcmbn~?Z>C£lC£9. Ec^rfST^^^C 

f*ft*ftu«*»c<i/^«±SK**j84p-r*<0'e, y- 

30 Si:*. ^MJg'K^^tttc!;g#LTi^c^^o# 
[0 0 5 5] Rti, PbTi0 3 ^M^n§l*^ 

d ^x ^ h 0 a -9*^ h ffliH-r ^> p b t mm l , teg 

*SJB**S 0 PbTi0 3 (t att:0. 3 897n 
m. ciltt: 0. 4 1 4 7nmOIE*S5fiO^D7X*^h 

40 »a*«^*-yr*AV »«KIEfc:jeWfc*n*«EE (E 
c) *(ST*«ck#«*. -^r. rw^o«±ss 

tc^> ^J^.tf. CeT?i4, P b T i 0 3 cOB+^-T htcfe 

i^s^ffiecfgT^^rc^^vwxj^ffltc^^ 

L<ftt\ 

[0 0 5 6] ^^>KK)(±. -i^tcPb : T i : 0 = 

zfrnicz-DTmrnoyttmitm**), 2. 7-3. 

50 [0 0 5 7] ft*5, Sr±^^^f^^>St& v T{i:, T 
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iO6 0l?%ttTOZr, Nb, Ta. Hf*5<fctfC 

[0058] w±-e«i. ^ite^-r?>^p7x*^ 

r«ittfM»i:LT¥iJffl-e**o 
[0 0 5 9] »Ift^n7x^^ hffiMtffcW*. fiCFlc 

[0 0 6 0] Re0 3 ,W0 3 ,M x Re0 3 (CCT\ Mil,0<x<0. 
5) ,MxW0 3 (C CT% .0<x<0.5) .A^gW^Oj 12 (C 

CT\ A=K.Rb Jl) Ja x Ta y W,_ y 0 3 (C CT% 0Sx<l .0<y 
<l).RNb0 3 (CCT% R :-tlHW±0«±S (Scfcci: 
ZfY&Sti) ) .N ai . x Sr x Nb0 3 (CCT% 0<x< 1 ) ,RT iO 
3 (ca\ R : -mmi>L±(D^±m (Scfc.fctfY*^' 

») ) ,Ca n+1 Ti„0 3n+1 . y (<IoT\ n=2,3 y>0) ,CaV0 

3 ,SrV0 3 .R 1 _ x Sr x V0 3 (CclT\ R : ^ ®SJ->Lt<DS±Jg 

(Sc*5£tfY*#trt , 0<x< 1 ) .R 1 . x Ba x V0 3 (Cl CT\ 
R : -lStt±OS±fi (SclBjltfY*^) , 0^x< 
1 ) .Sr n+1 V n 0 3n+ , _ y (C C T\ n=l .2 .3 ... ,y>0) ,Ba n+] 

V n 0 3n+1 _ y (C CT\ n=l .2.3 y>0) ,R 4 BaCu 5 0 

13 _ y (ccT\ R : -iat(±©ft±a (Sc*5J:tfY** 
tS) , 0<y) ,R 5 SrCu 6 0 15 (CCT\ R : — «SU±C0^ 
±m (Sc43J:tfY*^tr) ) ,R 2 SrCu 2 0 6 2 (llT\ R : 

— aaaw±o«±s (sc^m^t?) ),R!_ x sr x vo 

3 (CCT\ R «SW±Offi±S (Sc*>J:tfY«:$ 
<t?) ) XaCr0 3 .SrCr0 3 ,RMn0 3 (C C T\ R : ^fI^iX±0 
?&±S (Sc35<£tfY£r#tr) ) ,R Nx Sr x Mn0 3 (o CT\ 

1 ) t Rj. x Ba x Mn0 3 (C C T% R : — ffiSJW±<Z>«±IH (Sc 
*>J:tfY^^rty) ,0<x< 1 ) .Ca,_ x R x Mn0 3 . y (CCT\ 

r : -«s«±<d«±« (sc^m^c?) ,o< x < 

1 .O^y) .CaFe0 3 .SrFe0 3 .BaFe0 3 ,SrCo0 3 .BaCo0 3 ,RCoO 
3 (CCT\ R :-WRU±0*±* (ScfcitfY** 
£?) ),R]. x Sr x Co03(CCT\ R I — fflS«±G>#±S! 

(Sc^<ttfY%1?rty) ,0^x^ 1 ) ,R]_ x Ba x Co0 3 (CCT\ 

r :-saaw±©«±sa (sc&^tfY^c?) ,o<x< 

1 ) .RNi0 3 (ccT\ R : — »«W±0*±S (Scfeitf 
Y£r#fr) ),RCu0 3 (CCT\ R «HfcU:<D«±S (S 
cfe<tt/Y*-&tr) ),RNb0 3 (CCT% R «Hfii±©« 
±Si (Sc&JctfY^t?) ) ,Nb 12 0 29 ,CaRu0 3 ,C ai _ x R x Ru 
^yMnyOgCCCT, R : -ig«±©S±S (Sc*5cfct/Y 
£:#£?) .0^x< 1 ,0^y^ 1 ) ,SrRu0 3 ,Ca 1 _ x Mg x Ru0 3 (C 
CX\ 0<x< 1 ) . Ca 1 _ x Sr x Ru0 3 (ilC*C : \ 0<x<l),Ba 
Ru0 3 ,Ca 1 . x Ba x Ru0 3 (C CT\ 0<x<l) . (Ba .Sr)Ru0 3 .Ba 
1 _ x K x Ru0 3 (C CT% 0<x^ 1 ) ,(R.Na)Ru0 3 (C CT\ 
R : — aaW±Of&±Ji (Sc&^tfY^t?) ).(R.M)Rh 
0 3 (CCT\ R :-lStt±Oft±fi (Sc*J:lfY*« 
£?) ,M=Ca ,Sr ,Ba) ,SrIr0 3 .BaPb0 3 , (Ba ,Sr)Pb0 3 _ y (<L <L 
T\ 0<y<l) .BaPbj^Bi^CC <IT\ 0<x^ 1) .B ai _ X K X 



Bi0 3 (C£T\ 0<x<l) ,Sr(Pb.Sb)0 3 _ y (CCT\ 0^y< 
1) ,Sr(Pb.Bi)0 3 . y (CCT\ 0<y<l) .Ba (Pb .Sb)0 3 _ y (C 
CT\ 0<y<I) r Ba(Pb,Bi)0 3 _ y (C CX\ 0<y<l),MMoO 
3 (C CT\ M=Ca ,Sr ,Ba) ,(Ba ,Ca ,Sr)Ti0 3 _ x (C CT\ 0^ 
x) 

[0 0 6 1 ] l«^P7'XiJ^ h^BtftW (K 2 NiF 4 §y^ 
$trt : R n+ l Ni n°3n + l CL"C R : Ba .Sr .«±« (Sc 

t5&m*^&)<oo*>-mmu±.,n= 1 -sobs) . 

R n+1 Cu n 0 3n+1 (^lCT\ R : Ba,Sr,?it±3i (ScfeJctfY* 
1 0 # <tf) <D -5 % — fflBHfcLh , n = 1 — 5 <DS£») ,Sr 2 Ru0 4 ,S 
r 2 Rh0 4 ,Ba 2 Ru0 4 ,Ba 2 Rh0 4 ,H 0 
[0 0 6 2] cn5©3^C, RC0O3, RMn 
0 3 . RNi0 3 , R 2 Cu0 4 . (R, Sr) C0O3, 
(R, Sr, Ca) R u 0 3 . (R, Sr) R u 0 3 . S 
rRu0 3 . (R f Sr) Mn0 3 (R(i, YfeWSc 
*^<M&±«) , *3cfet;*tl&0|!B3lft'&Wtf»*L 

[0 0 6 3] ^n^x*>T hSB?fb»»M<OIP*ttflB54 
ICJ:DS^:^^ j?S L< » 1 0 — 5 0 Onm, 
20 L < « 50-150 nmTfe 0 , fe^tt> ^ffi'l4^:ffl^:t> 

[0 0 6 4] ^ a B B^4oi:t>^rSfe 

©«ait«. xrd (x»nnf) \z%>tfz>mi¥-->7<D 
30 -e3¥«*r^> c k*^* So ^/c> «nntt**> rheed 

(Reflection High Energy Electron Diffraction) ~T 

[0 0 6 5] /^y7 7His«J:tfT*fill"e«. x«iiJif»c 

*5v^t (200) rfflsfcti (002) m m±mcmm 

m<D'*y7 7'mVli (4 0 0) ffij] <DR9t(DUy*>if 

TU\ (ill) SElpjO^^tcti (l 1 l) Ig 

40 ti^D'^y^-^Iti^ <,vrftfc 1 . so 0 

mco. 7° as, ^^0. 4 0 is®t$>So r 

H E E DlCfcl/VCl*. ^® 
R H E E Dft^t-^T'feni^ *Sp s 9 14tC 

50 [006 6] *$£m<Dmmmmfct5\,^T, ^^yym^s 
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fi, X«IOIflf^<t*8IJXi£«rffofef:*. HWfc-rSffilW 
no fc <D<D&M<D 3»If£*< 1=1 W £ -T £ ifiioiH* tf- 
*3£JgO 1 0 %JMTs »S L < ti 5 %«Ttfe5lt** 
So MAtf, (kOO) ^-SHl^I, a 
EIrIMT«, 10 2 0-0 XltlUUfT (kOO) WW- 

oswtr— ?o*fBA\ (k o o) asw^«^:tf-^ 

»1 0%ttTs »$L<(4 5%C(TT'ft«o 
*W«B»n:*3i>T (koo) li, (ioo) ^jijcoffi, 

-T&fr*) (100) ^> (2 0 0) 

tsa^T*65o *0i^it ic tj- § x t:^ ^ ^ /HO 
*-<D*fl=W\ H®l*l£rx-yi®£:U K/iWft* z M 

IctttcfiHoTElpJLTl^C^T^So CO,£5&gEfa 
RH E E DffiT*X#y h«Src»^ h U-^«0 

^®(c iHiia*#ft-r s > w 7 t ■ \z 4dv >T*s^BBfS]»ca 

tttffc RHEED«iii/ + -^#'>htti: 

y>4 r ttm#tfs«iRi*^'ro ±fSLfcz:o 

[0 0 6 7] i:fc, *R«lcfei^D^A^hSi 

So 

[0 0 6 8] fig 

*f#ET*ffl^£Sffi&. Si, MgO, SrTi 0 3 H 
O&MmS&frZMIR't&CttfTZ&bK Si (10 
0) *3BifiaiilS*« , r*iB«WJafe»S Lt^o 

[0069] aaaa 

S1S±lc\ cti6*xt!* + «>^/WMi:LTJBfilcRr*64 
lc. MB5«fDH¥ 1 0-2 2 3 47 6^«&Hfcl»J?Sa 

[0070] «t, &mj5&<D&#mt it, a?xBfb^ 
[0071] c(owimjj&*mffi'tz>ic&rc-DTi,^ m 

[0 0 7 2] COlfglKt Kffi4?>yPWHt*6 
as 2 £r «»-T S * ;1/ ^ 3 tflEB ^titv^o cot>;l/ 

IBS * £ Ct j^t ; £ £ J: o (c & o T \i ^ 0 ±f B*;l/ ^ 3 
fix H2^0it^b-^ 6*fllLTt^o 
[0 0 7 3] Mtt^S 1 tt. BKttttf 7 *«■ 

tLT&D, COggfttt^Xt i ±^S7 0yX;l/8(i:, ± 



IH*;l/^ 3 ol <*T* tcBE® 2 tit c tiic J: o 

<fc3fc*oTi^5o 4vi^3 0££teT?jlc(2\ Z 
«SP9»J:tf«±»7C«3K3f8» l 0tfEiB*tiT^« o 

[0 0 7 4] ±E*;I/^C»«*-fe^ h"f So C 

©SBfctfiiTtt. i^K&»)»**ffi«»tE. W*tf i o 

So WEOffi8l©±RBttWJcftt^ WR-ett4 

/c «> ■■%> s c (o-fimvi* c tucmi&& *im 

[0 0 7 5] Si /Vv7 7l 

«<DSffi«yi«\ M^^iutemwo- i 10592^ 

^$B^. *mgSA^cfcS#gl¥9- 1 0 6 7 7 6^f&H 

[0 0 7 6] COJ:3*aB0«Uia, ffiSStiYiiOS i I's 

ott^o fir, cos iK{t^««, ^yyrmm 
j«coiHtca«am*i:«j(&«tisz r^o^ptc^oT^i 

[0 0 7 7] ^(C. ffiS^rS&'^TiP^U. Z r *5<fctf 

jcasKs-rntf cto^o M^^tcti. ^ H B pit:"rs/cA6tc 

a 4 0 0 <, CJ^±T$>SC^^M^L<, 7 5 0 c CJ^±T 

[0 0 7 8] ^7 7 7iOMtlSUTii, 

1 0" 3 ~1 O^TorrgfiT'feSC ^^»*H/^ e K 

50 »u WEfi«/£W«casv^lBR#EEO»H«*o<*i: 
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fltt&fi'ttt. »SKIi2-5 0cc/^ £D#3:L<U: 
5-2 5cc/»T?ft«o **^fX«ieB*»lJlP"r*cl4: 

[0 0 7 9] f^lf-AftMLTM 
0 0nni/s N tSlCO. 10 0-0. 5 0 0nra/si:tl)C^ 

[0080] ammmff \ ocm 2 mm&L±-e&&m&. 

jBSOIOlKStt 1 0rpmW±T f *SC4:^SaSUC^o 101 
± 1 2 0rpmf§jg£ft£ o 

[0081] #±iKiM^b^§}i^iift^ 

=i x Afr & ft SfSflSlCOl, fc . ±«E L fc£3£{fcS^l/ 

jB/s-rsisic* iwwjiitcfei/^riRi-o»±*7E**fieffl 

•f Signet*, Kffc^/l/n-^AWM^BfffiOffS^JB 

flt«nrci:*jcz ro«ie*f?±u *±«7£ig«»* 

*p £ LT, *±a^*WtW»BlOflB«K: wj-rntf 
[0 0 8 2] ±flELfc»ifi?Jffit±, »*©K2B&»ffi, 

ftl\ L^fefWUPLW^JIMftT^illL 3 

[0 0 8 3] tt, C^ffitC&^TMB EKB^rffi^ 

[oo8 4] ^n^x*>rn!»t«apa!o»aoiBiz: 



tt, 3S»B#OStES«* 5 0 0-7 5 O'Ct'tZctff 

^^.cfc t> mtDsmvwihtfijzz < ft o t> l^-t t\, 

[0 0 8 5] ^P7Xi3^ h^ttfCMffJM 

^iitJ:oTtt+»ft¥fflfi^t#&nftt^fctfeSo 
*©±3ft«*ictt, SWmffl*W«LT¥fflft-r«C 

W«fc««WWBi:©«fflft2*fflo^titfJ:^\ ft&\ 

£ D wassos-rsigaitffcsfli^ subshhctx 

0 0 — 8 5 0°C. cfc D&?£L<te4 0 0 — 7 5 0°CT\ 
20 ffSl<ttl»B-3 0»H> cfc9#$L<{i5~l 5 

[0086] aagMMsa 

[0087] n^TS^Tsicmm-rzmc, ^P7^* 

fit. ^o±ic§iiiI^Mt§o Sfc, ^D^Xij 

S«fc^±CMtSBiBI*«*t4&li8i: IT 
Au. P t, I r. Os. Re, Pd, Rhfe^D* 

R u<D'>ft< 1 »*#*-rsft«*(tsfe 

[0 0 8 8] 

Si (100) imtMm±lC. Z r 0 2 fWIE. Y 2 0 3 

mm. p b t i o 3 *ii#cojMT«w«tifcflMifiH 

40 [0 0 8 9] Sffitf (10 0) Efcft5<};-5£9J 

■frLT«iffiffll»L;fcS i l)M8S*x/\ (BHI2>f>*\ 
/P^ 2 5 0 /imORt£#D «:ffijeLfco CO^x/n^® 

[0090] ^ic ei i i tc^-r^«^e i £ffi</\ * 

artKaMHSnfcllHEfeJ:tfJlo«i««*flAfca 

-eTorrS ■Z?»ffigi(*>7 P iC J: DJJMRLfcGL S^^ffi 
i »{t«9*fflC^T«Bi-r*«:ii>s Stg* 2 0 rpmT- 
50 He««, ^*Stg^jfitcyX/b8^5 1 0cc/*H> 
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[0 0 9 l ] #^T\ J,£t5^9 0 Ot^ftpSJL. EHES 
•tirfco luH&ga^ 0rpm£L/c o C<D££, /XWb 

&*5. tSZ rO«ie«ti, Z r 0 2 ©«/PEBI»LT 
1 OnmtL/co COJWIKii. XlfilalWlCfc^TZ r 0 2 
<D (0 0 2) b 0 -^^^tc|i^$n, (00 1)#- 

mfavmm^&oiz r o 2 »arc*sc tiwsn 

fco £/c\ COZr0 2 »»i, H4tc^-f <fc5U:. R 
H E E DtC:fcl>T^£&Xhy-^#->^U S 

[0 0 9 2] coz r 0 2 Wm*Bf%Lfcmi£gk 

mfattmmtL, s*5fijg9oo°c mmmmz o rp 

uu MIR*X*XJ|] 0cc/#<D*ftT% SKSHtc^ 
«Y*#«&-rsc£lCcfc!K Y 2 0 3 »M*Jgl«Lfco & 
ISY£>Gy&S«\ Y 2 0 3 (C^LT4 OnmfcLfco CO 
Y 2 0 3 »i©RHEED«l^ BSlCjSSftSJ^lCS' 
■V — ^4X#y bttTfcofc, COCil^b, C^Y 2 
0 3 W«W4, *Sfttt*<6ff ttx fc? ;1/JKT* 0 . 

fro. ^ifiitctHia^fe-r^c^^^^o COY 2 0 3 

©Jt*ti9 5%JX±Tfeo/c 0 
[0 0 9 3] Y 2 0 3 ?9BiU:fcJ5**3 0 OnmOP b 

T i 0 3 PS)15i*«fi8Lfco S«iaffiti6 o o°C, S4EI31 

fifttt 2 Orpin £ Lfc 0 BBSflgfiK*K«. P bOffil«* 
/Co cOPbTi0 3 iItORHEEDi{i, H6(C^ 
£fr£, ccoPbT i 0 3 SWKti\ ISiStttffiW"?* 

[0 0 9 4] CCO J: 3 tC LTff ^>nfcPbTi0 3 /Y 2 0 3 /Zr0 2 
/Si(100)8UB«il*OX»lsI»T^-V-h*, H7tC^; 
"To H7JCtt, P b T i 0 3 (0 0 1 ) IC^ffi&Etf) tf 

-mtfPbT io 3 (ioo) tc^fffi^irn^h 6 -^ 

/£t*#K»6ft*o PbTi 0 3 «MffiTt±IE^Sfcft 
&fctf>. (001) mfomgkk. (100) iEiSlESi:^ 

PbTi o 3 mmitmj&mmi L mmmic£*)Wimi,rc£ 

C5, K^-f £ & o C £ fiSSZS tifco /£ 

itop bT i o 3 te±Lfr B H H #oT\ Scg4>^«ji^a 
(i oo) mfa&ifi&iiii<nr^tzcttftofrZo 
[0095] mmm 2 

si (100) mm^mu±ic, mmm 1 ^fwutic it 



Z r 0 2 iifcY 2 0 3 iMi:*MU co±tc, Pb 

2 orpmi: Lfc 0 iM^ic^, p b <d wmM^mmf 

2>fz£>. ^iy^JVmM^mM 1 0sccmTH9t*gLfc o 
[0 0 9 6] CcOi3{CLTt#en/cPZT/Y 2 0 3 /Zr0 2 /Si 
(100)8WI«|jB#«DX|iBl»f^ + -h*. I8(^tc 
0 8{CCi. PZT (1 1 1) lc*fliftffi© 
Kft^nSo ftfc. PZT (111) fcSioay^y? 

10 1 . 2 9° TfeO. BBfp3tt(C^tlTV^ 

[0 0 9 7] jgfiBgjl 3 

Z r0 2 »JM*<ttfY 2 0 3 »«lc9ATS^fl:^I/nx 
7»M*«J«LfcB^tt*MS«l £ rattle LT. 3c*£{b 

3 x r /s i ( 1 00) mmmmfattim l fc Q s^fc 

3-79W©a«ii, Zr 07 Y 0i3 O 2 .<5fcU 2c£fb 

±tffl»*X«tt, ife&fcflJ 1 fcfetf* Z r 0 2 SBW&fi 

20 [0 0 9 8] CcD^fb^nxrS^ORH E E Dff 
0 9tC^2n&J:?tC^-:/&X;t^ M^&o 

14tf&#&xfc? Z*i/*>vmT*ZbK>, fro, SlffitciHlft 

rffi©s»3am?K«»^JK*. hi otc^r 0 hi otc 

30 p/lSS^yz-by hfl5<Z>Jt¥tt* 9 0%IX±T**orco 
[0 0 9 9] C(D^fkv ? ;l/nxTOT±(i:, ±IE»* 

mm t ttittmmc ir^D^x^^h s«ft%i»fli 

[0100] 

■ft, c©77^ hSiltc ^P7x*-f hffittffcttSP 

O (10 0) BEf«l. IE^ e B a (001) ISf^> ^tcteiLfi 
40 B B H &L<tegffi{* s B B £) (ill) EiRjfc&SCfcCiSe* 

C^T^^o 8uaiLfcJ:-5ti:, Z r O^Bi^ft 

±S5t*»lbW»M*/<y 77lk LTffl^ c ^ tijep 
e>nTt^c7b\ ^FtB^/^^^rSitc^n^X^-Y h§J 
■Kb1«nM«rit««AL^:«^, (110) @Bf^^> (1 

o i) Eftfcao^-r^o *56^T*«cn^3pjfflL. ^ 
o^x*>r hffl»ft»*, fo(no) BStett (i 

0 1 ) ffi^^T-tr^ hS^^ft^^^cfc^tc^cfi^-ft^ 
CtifC^Kf, (10 0)E^ (0 0 1 ) mfa&fcte 
50 (ill) Elft**b. ^olisattoa»4^o>rx* 
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^T(10 0) HEfnk (001) ffift*5£tf (111) 

[oioi] *awic*5tts^D^x*>r hsaMftw* 

t^SCfclcfcO, jS»»-b>-9-, Jta 

7^X^>y^. OEIC, SAW*?. VCO, 3 10 
3'J^->, ^USH\ ^-vU*^ 
■*\ WM/VV^Wfi?. 37^/1/^ SQUID. y 3 ir 

«@H,®L S I ftifWPHPl^feSo 

[HI] (a) tt, ^7 7 7i8BO 1111} 
7HO«SBT'fe9, (b) Ull) 7T*zy 

hm±fr&L&?ZZtlC&*)iLjjB i (10 0) gSfaJJI^ 

a Bo 3 a^o7x*>t' FKfl*at*aH-e» 

0. (c) (is (a) 077t7hB±tCAB0 3 II 20 

CB2] 1111} 77-b7 hffi±tCfigg-r^C £lc£ 
DIEtfH (0 0 1) E|6jflii:^SA B0 3 §y^ayx* 

[113] {ill} hrft^Jcflcfi-rscirtcJ: 
9(111) ElRll«4:a*AB03^n^*>rH8 

$§o 30 



[El 5] *S B B B 1Sig^7Kt-glffi^ffl^M-efeoT, IH4tc 
R H E E Dmtt7r,~? Z r 0 2 Wil±fc»J««fta: Y 2 0 3 
IWRHEEDit^o 

[0 6] &&mm*ttmW]Rmwxr*&-3X* msic 

RMEE DfMr^Vr Y 2 0 3 OT±tCJgfig^nfc: P b T i 
0 3 »I<DRHE E D«T»*o 

[^1 7 ] PbTi0 3 /Y 2 0 3 /Zr0 2 /S i(100)«««ifi«s:O XJSIU 
[0 8 ] PZT/Y 2 0 3 /Zr0 2 /S i (100)ffiJi«ig«c© X«|g|0r 
CH9] «S#|jfi**-rHffi«ffl^JlT-feoT, Si* 
E DfftTfeSo 

[mi o] tt»«jB**-rHB«ffl¥*'e*oT. s i 
[nil] *mn<Dmmmmk<Dmmzm^^ft%mmm 
i mm^m 
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